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OBJECTIVES: To quantify the longitudinal effects of a direct SNAP-Ed intervention on diet, 
systemic inflammation, and gut microbiota among adult Bhutanese refugees. To measure the 
cross-sectional associations between dietary quality, inflammation, and gut microbial producers 
of short chain fatty acids (SCFA). 
METHODS: A convenience sample of 54 Bhutanese refugee adults (mean age=47 ± 2 years, 
83% female) residing in New Hampshire was block randomized into the SNAP-Ed or control 
group. The SNAP-Ed intervention consisted of six one-hour nutrition lessons taught by a bi-
cultural community health worker in the participants’ homes. Three 24-hour recalls were used to 
assess dietary intake at baseline and follow-up in both groups. Similarly, fasting blood and fecal 
samples were collected by a trained phlebotomist at baseline and follow-up. Adherence to the US 
dietary guidelines was defined using the 2015 Healthy Eating Index (HEI-2015). Fasting blood 
samples were analyzed for inflammatory biomarkers IL-6, TNF-α, and CRP, while fecal samples 
were sequenced to find bacterial abundance. Changes from baseline to follow-up in the SNAP-
Ed group relative to the control group for dietary quality, inflammation, and SCFA producing 
microbes was quantified using repeated measures ANOVA. Cross-sectional associations between 
tertiles of dietary quality, inflammation, and SCFA producing microbes were quantified using 
ANCOVA adjusted for age, sex, and type 2 diabetes status. 
RESULTS: On average, participants lived in the U.S. for 7.8 ± 0.5 years, with a household size 
of 3.8 ± 0.2 members. The prevalence of overweight/obesity and type 2 diabetes was 82% and 
41%, respectively. SNAP-Ed participants (3.4 ± 0.5 to 2.6 ± 0.7 HEI Component Score) were 
found to have a decrease in whole grain consumption at follow-up relative to the control (3.3 ± 
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0.8 to 4.1 ± 0.9, P=0.003). Otherwise, there were no significant differences in dietary quality 
from baseline to follow-up when comparing SNAP-Ed and control groups. In cross-sectional, 
multivariate adjusted models, individuals with higher HEI-2015 scores tended to have lower IL-6 
levels (2.4 ± 1.2 pg/mL, 1.7 ± 1.2 pg/mL, 1.1 ± 1.2 pg/mL by increasing HEI tertile, P-
trend=0.06) and higher microbial diversity (P-trend=0.06). In examining the individual HEI 
components, greater whole fruit consumption was inversely associated with IL-6 (P-trend=0.03) 
and E. hallii abundance (P=0.02). Greens and beans consumption was also inversely associated 
with CRP (P-trend=0.01). Higher fatty acid ratios were associated with higher abundance of C. 
catus, E. biforme, and P. copri (all P<0.05), while higher saturated fat intake was inversely 
associated with E. biforme and P. copri (both P<0.05). Higher whole grain consumption was also 
inversely associated with F. prausnitzii, while refined grain consumption was inversely 
associated with E. biforme (both P<0.05).  
CONCLUSIONS: The standard SNAP-Ed intervention did not appreciably improve dietary 
quality in a sample of 54 Bhutanese refugee adults. A number of specific food groups, 
particularly fruit, greens and beans, and healthy fats, showed significant associations with more 
favorable inflammation levels and gut microbial abundance. These associations can be used to 
improve and tailor the SNAP-Ed intervention to be better suited to this population. Inclusion of 
lessons emphasizing fruit, greens and beans, and healthy fats with culturally relevant foods could 





CHAPTER I: INTRODUCTION 
Rationale 
 Chronic disease in the United States has posed widespread challenges for the nation. 
Diseases like cardiovascular disease (CVD), cancer, diabetes, and neurodegenerative disorders 
are all among the top 10 causes of mortality.1 These disorders not only rank among the most 
deadly, but they also account for over $1.5 trillion in direct and indirect costs annually according 
to the most recent reports.2–5 With the impact of these diseases continually rising, new 
knowledge that will help reduce disease burden is required. All these disorders have been shown 
to develop and progress in part because of local or systemic inflammation.6–11 Inflammation is 
the human body’s response to the introduction of injury, foreign substances, or pathogens 
marked by the infiltration of immunologic cells, cytokines, chemokines, and other interactive 
biochemical agents.12 This response is meant to repair and protect the body from foreign agents, 
however, when a chronic state of inflammation occurs, brought on by poor diet, chronic stress, or 
overweight/obesity, it can have unintended effects. Circulating and local increases in cytokines 
IL-6 and TNF-α (Or C-reactive protein (CRP) which is a known indicator of systemic 
inflammation) have been implicated in the pathogenesis of all four of these chronic diseases.6–11  
More recently, the impact of the gut microbiota on local and systemic inflammation has 
also been examined. Pathogenic agents that can colonize the GI tract such as enterohemorrhagic 
E. coli, Salmonella enterica and typhimurium, Clostridium difficile, and others have been known 
to increase inflammation as the body attempts to resolve the infection.13–15 Microbiota that are 
protective in nature are still being identified. These protective microbes are often referred to as 
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commensal bacteria and most of these gut inhabiting bacteria regulate the host immune system 
on a local and systemic level.16 To achieve this, these microbiota have a variety of mechanisms, 
but the major method is the production of short-chain fatty acids (SCFA), specifically butyrate, 
or metabolites that can be made into butyrate from dietary compounds.17 These bacteria and 
SCFAs have been associated with lower inflammation and the promotion of Treg cell 
differentiation which modulates host immune responses.16,17 These bacteria have been associated 
with reduced inflammation, and some cases more favorable cardiometabolic outcomes.17,18 
Because of this, these bacteria should be examined to better assess their role as disease mitigators 
or risk factors given their SCFA producing ability. 
 It has been documented that refugees and immigrants from South Asian regions, 
including India, Nepal, Bhutan, Pakistan, Afghanistan, Bangladesh, Sri Lanka, and the Maldives, 
have higher prevalence of some chronic diseases like CVD and type 2 diabetes mellitus (T2DM) 
when compared to the average US citizen.19,20 South Asians also have higher rates of these 
diseases than many other immigrant populations in the US.21 The Bhutanese refugees 
specifically have reported diabetes prevalence between 6.1 and 14%22–24 while a more robust 
analysis from the National Health Interview Survey reported rates of diabetes for immigrants of 
the Indian subcontinent (which includes Bhutan) at 14.3%.21 This disparity and the rapid increase 
of the Bhutanese community in the US has generated a need for programs to support the health 
of this population.25 
 To mitigate chronic disease through diet the US federal government runs Supplemental 
Nutrition Assistance Program educational supplements (SNAP-Ed).26 This program is available 
to those that qualify for the Supplemental Nutrition Assistance Program (SNAP), which is a 
program that offers individuals and families earning 130% of the poverty line or lower a monthly 
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stipend for food.26 Although this is a federal program, refugees are eligible regardless of 
citizenship status. SNAP-Ed is meant to teach families about good nutrition and how to buy 
nutritious foods on a budget.26 To accomplish this, the program partners with local community 
organizations to offer direct education in a group or individual setting, implement marketing 
campaigns, and improve policies.26 To our knowledge, there is a lack of studies available that 
have examined the causal impact of SNAP-Ed on diet, inflammatory burden, and the gut 
microbiome. Because of this, we do not know if SNAP-Ed is effective in the Bhutanese refugee 
population or even the general population. New Hampshire provides a good opportunity to better 
understand the Bhutanese community and its use of SNAP-Ed as it is home to over 500 
Bhutanese refugees, most of which do not have a job or make less than $11 per hour making 
many eligible for SNAP.27,28 To address this knowledge gap, we proposed to evaluate the effects 
of the SNAP-Ed within the Bhutanese refugee population of New Hampshire. 
Objectives & Aims 
 Our objective was to quantify the longitudinal effects of a direct SNAP-Ed intervention 
on diet, systemic inflammation, and gut microbiota among adult Bhutanese refugees. Our central 
hypothesis was that SNAP-Ed will improve dietary quality and reduce the inflammatory burden 
of the test subjects over the course of the intervention when compared to a control group that did 
not receive the SNAP-Ed course. To test this hypothesis, we conducted a randomized controlled 
pilot study among adult Bhutanese refugees residing Manchester and Concord, NH. Those in the 
intervention group received 6 weekly SNAP-Ed nutrition lessons. Control participants did not 
receive any SNAP-Ed lessons. All subjects had anthropometric data, blood and fecal samples 
collected at baseline and approximately 7-weeks follow-up. Dietary intake was estimated using 
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three 24-hour food recalls administered between one and two weeks before the start and after the 
end of the intervention period. This approach allow us to assess the following specific aims: 
 Aim 1: Measure the impact of SNAP-Ed on dietary quality. Our hypothesis is that 
participants in the SNAP-Ed intervention group will have increased dietary quality from pre-
intervention to post-intervention compared to the control group. Our approach will be to measure 
dietary quality via the HEI-2015 score and its components at baseline and post-intervention to 
assess the change in dietary quality over the 7-week intervention period compared to the control 
groups. 
 Aim 2: Measure the impact of SNAP-Ed on biomarkers of inflammation, specifically 
CRP, TNF-α, and IL-6 among Bhutanese adult refugees. Our hypothesis is that participants 
in the SNAP-Ed intervention group will have decreasing levels of inflammatory biomarkers from 
pre-intervention to post-intervention when compared to participants in the control group. Our 
approach will be to measure blood levels of CRP, TNF-α, and IL-6 using ELISA at baseline and 
post-intervention to assess the change in blood levels over the 7-week intervention period 
compared to the control groups.  
 Aim 3: Measure the impact of SNAP-Ed on the abundance of gut microbiome 
producers of SCFAs. Our hypothesis is that participants in the SNAP-Ed intervention will have 
increased abundance of SCFA producing bacteria from baseline to post-intervention when 
compared to the control group. Our approach will be to characterize the gut microbiota by using 
the shotgun metagenomic sequencing method on fecal samples collected during baseline and 
post-intervention. This will reveal if the relative abundance of SCFA producers increase over the 
intervention period when compared to the control group.  
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 Alternative Aim: Measure the cross-sectional associations of dietary quality and 
cardiometabolic disease risk factors. Our hypothesis is that participants with higher diet 
quality will have lower inflammatory burden, more favorable glucose and lipid homeostasis, and 
a healthier/more diverse gut microbiome. Our approach will be to quantify associations between 
the total HEI-2015 score and its components and cardiometabolic risk factors such as: CRP, 
TNF-α, IL-6, HOMA-IR, HbA1c, total cholesterol, LDL cholesterol, HDL, triglycerides, and 








CHAPTER II: BACKGROUND 
Bhutanese Refugees & Health 
 Approximately 100,000 ethnically Nepali Bhutanese were displaced from Bhutan during 
the early 1990s.29 The majority of these individuals were moved to refugee camps in Nepal, 
where they awaited permanent settlement elsewhere.29 The United States later accepted 80,000 
of these refugees and have been resettling them since 2008.29 Because of these events, Bhutanese 
refugees are one of the fastest growing populations in the US.19 In New Hampshire, over 500 
Bhutanese refugees were resettled.27 South Asian immigrants to the US, however, have been 
experiencing higher than average rates of chronic disease, including cardiovascular disease 
(CVD) and type two diabetes mellitus (T2DM) compared to other racial/ethnic groups.19,20 South 
Asians immigrants to the US, which include Bhutanese refugees, also have a higher prevalence 
of these diseases when compared to other immigrant populations in the US.21 Because of their 
relatively recent resettlement, there is limited research on health outcomes in Bhutanese refugees 
in the US. Three studies found prevalence of T2DM ranging from 6.1% - 14%.22–24 These 
studies, however, relied predominantly on self-reported data instead of clinical diagnoses. A 
more robust study on immigrants from the Indian subcontinent reported prevalence of T2DM at 
14.3%.21 In addition, South Asians are more than twice as likely then their non-Hispanic white 
counterparts to be hospitalized for atherosclerotic cardiovascular disease (ASCVD) and have a 
proportionally higher mortality for ischemic heart disease.30 South Asians also have higher 
coronary artery disease (CAD) incidence, prevalence, morbidity, and mortality than the general 
population in the US.20 Overall, South Asians immigrants to the US have consistently been 
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identified as having higher rates of cardiometabolic disease (CVD and T2DM) while also having 
higher levels of risk factors for these diseases when compared to non-Hispanic whites and many 
other ethnic groups (East Asian, non-Hispanic blacks, and Hispanics) in the US.19 
 Higher risk and prevalence of chronic diseases in South Asians/Bhutanese is likely due to 
a variety of biological and lifestyle related mechanisms. South Asians reportedly have higher 
lipoprotein A, homocysteine, and blood pressure which have been linked to atherosclerosis and 
contribute to the pathogenesis of CVD and acute myocardial infarctions (AMI).19,20 Studies have 
also shown lower β-cell function in South Asians which may contribute to higher rates of insulin 
resistance and the development of T2DM.19,20 As far as lifestyle practices, South Asians had to 
undergo acculturation after their resettlement in the US, which is linked to poor health behaviors 
and high rates of chronic disease in other immigrant groups.19 Other risk factors for CVD, 
including low physical activity and high levels of social, psychosocial, and environmental 
stressors, have been reported in South Asians and linked to their heightened risk of CVD.19 Of 
particular interest, though, is the diet of South Asians in the US. A western diet high in saturated 
fats (red meats) and refined carbohydrates or a vegetarian diet high in sugar have emerged as the 
predominant diet patterns in this population.19 These diet patterns have been linked to increased 
obesity and prevalence of chronic disease.31 
SNAP-Ed, Diet, & Health  
 Changing diet may be one of the more viable lifestyle changes that can lower rates of 
chronic disease in this population. One resource for Bhutanese refugees is the Supplemental 
Nutrition Assistance Program (SNAP). SNAP is a federally funded, state-run program that 
provides financial assistance for the purchase of food.26 Eligible beneficiaries are individuals or 
families making at or below 130% of the poverty line in addition to some other requirements.26 
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Eligible beneficiaries receive a monthly stipend to be used for food purchases once accepted into 
the program.26 The program, however, does not place restrictions on what can and cannot be 
purchased with the benefits. 
To assist low-income individuals and families in consuming a diet that aligns with the US 
Dietary Guidelines, the federal government funds nutrition education programs including SNAP 
Education (SNAP-Ed).26 Evidence supports that those with lower income compared to higher 
income, are at greater risk of low nutrition knowledge, poor dietary quality, and cardiometabolic 
diseases (e.g., CVD and T2DM).32–34 SNAP-Ed, although providing benefits for more than 5 
million people, hasn’t been extensively evaluated for effects on diet quality, inflammation, or gut 
microbiota in published research.35 In a recent review examining the effects of SNAP-Ed on 
dietary outcomes36, the investigators concluded that there was limited evidence of the impact of 
SNAP-Ed (delivered in single or multiple lessons) on dietary quality, mainly assessed by fruit 
and vegetable intake. In this review, only six studies examined diet intake post-SNAP-Ed, one of 
which produced non-significant results.36,37 This study, however, used a short four-week 
intervention that was completely online which may be less impactful than the in-person, 7-week 
course.36,37 Three other studies reported in this review found increased fruit and vegetable intake 
in participants who had attended two or more SNAP-Ed class compared to those who had 
attended one or zero classes.36 Another two cross-sectional studies reviewed showed increased 
fruit and vegetable intake and decreased sugar sweetened beverage intake among adults and 
mothers in high SNAP-Ed reach census tracts compared to those in moderate or low reach 
tracts.36,38,39 The only prospective cohort study found examined low-income, multi-ethnic, 
Michigan men and women and reported higher HEI scores post SNAP-Ed/Expanded Food and 
Nutrition Education Program (EFNEP) intervention when compared to before.40 The greatest 
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increases of HEI were also in participants that scored below 60/100 on their baseline scores.40 
Overall, available literature on SNAP-Ed effectiveness in terms of diet intake and diet quality is 
limited by quantity and study design, which suggests that more research should be done, 
especially RCTs and prospective studies examining the effects on diet quality. The current 
literature, although limited, does suggest that SNAP-Ed may have a positive impact on diet 
quality, mainly fruit and vegetable consumption. However, to our knowledge no studies have 
been conducted examining the impact of SNAP-Ed on diet quality in Bhutanese refugees or 
chronic disease risk in any population.   
Inflammation & Cardiometabolic Risk   
 Pathogenesis of cardiometabolic diseases is strongly linked to inflammation. 
Mechanistically, inflammation initiates atherosclerosis that contributes to CVD.8 TNF-α and IL-
6 promote activation of adhesion molecules ICAM-1 and VCAM-1 on endothelial cells of the 
arteries.8,41 These adhesion molecules bind monocytes which penetrate the endothelial walls and 
differentiate into macrophages.8,41 The macrophages engulf modified lipoproteins becoming 
foam cells and further propagate inflammation by multiplying and releasing more pro-
inflammatory cytokines.8,41 This is how plaque begins to form and grow in the arteries. T-
lymphocytes are also attracted to the site where they integrate into the plaque and release more 
pro-inflammatory cytokines.8 A fibrous cap made of collagen is what protects the plaque from 
rupturing.8 It covers the plaque, preventing coagulation; however, T-lymphocytes secrete 
cytokines that prevent new collagen development while inflammation (including IL-6 and TNF-
α) mediated by T-lymphocytes and macrophages destroys existing collagen.8 The ensuing 
rupture of advanced plaques contribute to active CVD.8,41 Inflammation appears to negatively 
affect glucose metabolism, leading to insulin resistance and eventually T2DM as well.7 
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Chronically increased levels of TNF-α decrease the sensitivity of the insulin receptor signaling 
pathways, decreases glucose transporter-4 adipocytes, and suppresses the secretion of 
adiponectin.7 Adiponectin is a plasma protein secreted by adipocytes that has anti-inflammatory 
characteristics and promotes insulin sensitization.7 Decreased adiponectin is highly correlated 
with insulin resistance, and because both IL-6 and TNF-α reduce adiponectin expression, 
systemic inflammation is likely to be a mechanistic cause of T2DM.7 The literature 
overwhelming supports the role of systemic inflammation in the development of CVD and 
T2DM, which makes biomarkers of inflammation (hs-CRP, TNF-α, IL-6) risk factors for these 
chronic diseases.6,42,43  
Gut Microbiome & Cardiometabolic Risk   
Inflammation and Immunomodulation 
 Short chain fatty acids (SCFAs) acetate, propionate, and butyrate have a variety of 
immunomodulatory effects after production by gut microbiota. Acetate decreases  
lipopolysaccharide (LPS) stimulated tumor necrosis factor alpha (TNFα) release from 
neutrophils, decreases interleukin 6 (IL-6) release from colon cells, and inhibits nuclear factor 
Kappa B (NF-κB) activity in colon carcinoma cells, all of which can contribute to local and 
systemic inflammation.44,45 Propionate reduces the expression of cytokine induced adhesion 
molecules VCAM-1 and ICAM-1 which reduces immunologic cell adhesion to endothelium and 
can prevent progression of vascular inflammation.45,46 Additionally, propionate inhibits resistan, 
a proinflammatory cytokine in adipose tissue, regulates the proliferation of activated 
lymphocytes, and like acetate, inhibits LPS stimulated TNFα and IL-6 production and NF-
κB.44,45,47,48 Butyrate, like acetate and propionate, also inhibits NF-κB activation and suppresses 
production LPS stimulated IL-6, TNFα, and TNFα by monocytes.45,48–50 Butyrate, unlike acetate 
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and propionate, reduces neutrophil and lymphocyte infiltration of the gut endothelium, decreases 
expression of IL-12 in activated monocytes, and increases apoptosis of activated 
neutrophils.45,50–52 In conjunction with the suppression of many proinflammatory cytokines, 
induction of immune cell apoptotic pathways, and other anti-inflammatory effects, all three 
SCFAs discussed promote the proliferation Treg cells.53 These cells act to suppress the immune 
system and produce large amounts of IL-10 which acts to reduce intestinal inflammation.53 The 
immunomodulatory and anti-inflammatory effects of SCFAs can greatly reduce gut and systemic 
inflammation, which as previously discussed can reduce risk of a variety of chronic diseases and 
their progression. 
Gut Integrity 
 SCFAs, particularly butyrate play an important role in maintaining gut integrity and 
reducing gut permeability by strengthening the epithelial and mucous barrier separating intestinal 
lumen contents and the host.54 Butyrate is known to upregulate genes associated with mucin 
production in goblet cells to build a robust mucous layer to protect the epithelium.18,45,54–57 
Butyrate also decreases permeability by upregulating the expression of epithelial tight junction 
proteins to reinforce spaces between epithelial cells.45,48,54,58,59 The improvement to gut integrity 
prevents a phenomenon known as “the leaky gut.”54 This occurs when the contents of the 
intestinal lumen cross the epithelial boarder and interact with the host.54 These contents can 
include highly immunogenic bacteria and their components like LPS, shiga toxins, and 
others.45,48,54,60 This bacterial chemotaxis induces immune cell infiltration and the release of a 
variety of pro-inflammatory cytokines which can spread systemically through blood 
circulation.48 Maintaining robust gut integrity can reduce both local and systemic inflammation 
and the risk of chronic disease.54 
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Colonic Producers of SCFAs 
 Major species of SCFA producers in the human gut represent a wide variety of taxa 
including: Akkermansia muciniphila, Alistipes putredinis, Anaerostipes hadrus, Bacteroides 
uniformis, Coprococcus catus, Eubacterium biforme, Eubacterium hallii, Eubacterium rectale, 
Faecalibacterium prausnitzii, Prevotella copri, Roseburia intestinalis, and Roseburia 
inulinivorans. All such bacterial species have been shown to be producers of SCFAs in 
humans.45,61–65 In addition, many of these bacteria have also been shown to mitigate the risk of 
chronic diseases. A. muciniphila in particular has been associated with lower inflammation 
levels, measures of obesity, diabetes and CVD risk, and better insulin sensitivity and glucose 
homeostasis.66–69 B. uniformis is also associated with lower measures of obesity.70 Diabetes and 
CVD risk have been shown to be lower with the presence of F. prausnitzii, E. rectale, A. 
putredinis, Prevotella copri, Bacteroides uniformis, and multiple Roseburia spp.64,67,71–73 
Increased insulin sensitivity was also found to be associated with E. hallii.74 All of these bacteria 
present a diverse range of health benefits which can be attributed to their production of SCFAs 
and commensal interaction with their human hosts. Because of such properties, these bacterial 
species can be considered markers of chronic disease risk and overall health. 
Diet Quality, Inflammation, & Gut Microbiome 
Overall Dietary Quality  
SNAP-Ed may improve health outcomes by improving the diets of participants; high 
quality diets have been reported to reduce chronic disease through the reduction of systemic 
inflammation. A 2013 systematic review of observational studies examining dietary patterns and 
inflammation, did not identify any prospectively designed studies.75 Of the 23 cross-sectional 
studies examining priori diet patterns, 17 reported significant findings.75 The investigators 
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concluded that higher quality diets are associated with less inflammatory burden, which is 
consistent with findings from another systematic review and more recent cross-sectional 
studies.75,76 
The protective benefit of high-quality diets on inflammation is also support by stronger 
study designs including prospective and randomized controlled trials.  In data from the Whitehall 
II Study on London office-staff, aged 35-55 years, high HEI scores were associated with low 
baseline IL-6.77 Also, for participants who increased or maintained a high AHEI score had lower 
average IL-6 over the six year study when compared to participants with low AHEI scores.77 
Specifically, for every 10 point increase of AHEI over the six years, IL-6 was reduced by 4.2%.77 
Another prospective study on multi-ethnic adults living in Hawaii and California aged 45-75 
reported inverse relationships between HEI, AHEI, aMED, and DASH with CRP levels.78 In 
addition, T2DM risk was reduced when comparing extreme tertiles for all four diet indices 
measured.78 To determine causality, intervention studies are required. The intervention studies 
identified by the most recent systematic review only examined the effects of a Mediterranean 
diet intervention.75 The three studies reported that application of the Mediterranean diet resulted 
in significant reduction of almost all inflammatory biomarkers with CRP showing the greatest 
changes and adiponectin showing increases.75 Since then, only one new study was identified. The 
study had participant take 11 weekly nutrition education sessions (first 4 in person, last 7 by 
phone) based on the 2010 Dietary Guidelines for Americans.79 Baseline nutrition data (by FFQ), 
anthropometric data, and fasting blood samples were taken at week one, followed by repeat 
measurements taken at 12 weeks (post intervention) and 24 weeks.79 Results of the study showed 
that HEI score increased significantly at both week 12 and week 24 when compared to 
baseline.79 TNF-α was also significantly lower at week 12 and week 24 compared to baseline.79 
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Hs-CRP decreased but was not significant and IL-6 did not show any change over the course of 
the study.79 These results show that inflammation can be decreased by diet education through 
improvement of diet quality. Possible reasons for non-significance in hs-CRP and IL-6 are a 
short study length at only 24 weeks, and also a small sample size (N=15). 
Although few studies, mostly cross-sectional, have examined the impact of the overall diet 
on the gut microbiota composition, initial results align with the expectation that quality diets 
overall have a positive impact on gut health. A number of studies, although not at species level, 
have identified genus of SCFA producers being associated with diet quality.80–83 These cross-
sectional studies identified F. prausnitzii, Coprococcus spp, Roseburia spp, Alistipes spp, and 
total bacterial diversity to be associated positively with total HEI score.80–83 These bacteria 
include a number of our SCFA producing bacteria of interest,  and shows that diet may be a 
leading contributor to differences in abundance of the bacteria.  
The current literature provides clear evidence that high diet quality is associated with lower 
systemic inflammation and improved gut microbiota composition. Published randomized control 
trials support that association by reporting direct and favorable impacts on systemic 
inflammation and gut composition after interventions entailing an increase in diet quality or 
absence of a low-quality diet pattern (western diet). This provides support that altering diet can 
impact inflammation and gut health. As such, SNAP-Ed, which seeks to improve diet in low-
income individuals may positively impact these risk factors of cardiometabolic disease.  
Fruits and Vegetables 
Increasing the consumption of fruits and vegetables has consistently been associated with 
low levels of inflammatory biomarkers and changes to the gut microbiota.84–87,87–90 In a cross-
sectional study on 1,128 Mexican Americans, high fruit and high vegetable consumption were 
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associated with low levels of CRP and TNF-α respectively.86 In another prospective study on 26 
US adults, TNF-α but not CRP and IL-6 was decreased after a 6-week depletion followed by a 8-
week repletion of fruits and vegetables.84 Non-significant results may have been due to a small 
samples size. A randomized control trial on 49 US adults also reported decreases in 
inflammatory biomarkers lipopolysaccharide binding protein (LBP) and IL-6 from baseline in a 
6-week high fruit and vegetable diet.87 In addition, a recent systematic review and meta-analysis 
confirmed these results by reporting low CRP and TNF-α levels in those that consume high 
amounts of fruits and vegetables.85 Other studies on fruits and vegetables also reported changes 
in the gut microbiota, although studies are limited for SCFA producers. One randomized control 
trial using a high fruit and vegetable diet was conducted among US adults. In the US adults, a 
high fruit and vegetable diet showed increases in α-diversity, but no changes in SCFA production 
or relative abundance at the genera level.87 In another intervention study on 40 Korean 
participants, an 8-week flavonoid rich juice intervention was associated with increased 
Roseburia, Coprococcus,  and Eubacterium genera.91 This suggests that increased fruit 
consumption could improve abundance of SCFA producing bacteria. Two relatively large cross-
sectional studies were conducted on 226 Dutch participants as well as 1,192 Germans.92,93 The 
study conducted on Dutch participants showed fruit and vegetable consumption to be positively 
associated with abundance of Faecalibacterium prausnitzii, Eubacterium rectale, Alistipes spp, 
and Prevotella spp, while the German study found fruit consumption to be associated with 
Faecalibacterium, Roseburia, Coprococcus, and Prevotella genera.92,93 Additionally, another 
cross-sectional observation of 34 individuals found total and whole fruit to be associated with 
genera Roseburia  and Alistipes which are two known SCFA producing genera. Overall, the 
16 
 
current literature suggests that increased fruit and vegetable consumption can contribute to 
reduced inflammation and more beneficial gut microbiota distribution.  
Whole Grains 
In those that eat high levels of whole grains, lower levels of inflammatory biomarkers and 
changes in the gut microbiota have been reported.87,94–97 One randomized control trial on 81 US 
adults reported no change in biomarkers in a high whole grain diet (35g of fiber per day) from 
baseline in the intervention group compared to the control group.96 Although this study showed 
no changes to inflammatory burden, another randomized control trial on 68 Italian adults 
reported decreased levels of TNF-α over an 8-week whole grain diet (70g/day) when compared 
to the control group from baseline.94 Furthermore, a recent meta-analysis on 9 randomized 
control trials showed decreases in CRP and IL-6 were associated with those eating diets high in 
whole grains.95 Only two studies, however, were found that report on the relationship between 
whole grain consumption and our SCFA producing bacteria of interest.93,98 In a randomized 
crossover study of 28 adults, the whole grain diet was associated with increased bacterial 
diversity, Roseburia spp, and Eubacterium rectale.98 The other study, which was previously 
mentioned, found that whole grain consumption was associated with Faecalibacterium, 
Roseburia, Coprococcus, and Prevotella genera cross-sectionally in 1,192 Germans.93 The 
literature does support that whole grains can reduce inflammation and improve gut health likely 
through naturally occurring fiber.  
Fiber 
Fiber, exclusive of food groups, and its effects on gut microbiota has also been studied in 
humans, although few studies have identified our bacteria of interest specifically. One cross-
sectional study on 59 adults reported that a high fiber intake was associated with higher 
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abundance of Roseburia.99 In another study on over 1,000 Germans, fiber was associated with 
Faecalibacterium, Roseburia, Coprococcus, and Prevotella.93 The few studies available show 
that effects of dietary fiber are consistent with the results from fruit, vegetable, and whole grains; 
this suggests that lessons regarding fiber should include a focus on a variety of different fiber 
sources. These results show that fiber has the potential to improve health outcomes modulated by 
the improvement of the gut microbiome.  
Dietary Fat 
The effects of dietary fat on inflammation and gut health have been reported. In a cross-
sectional study of 824 German teens, high saturated fat consumption was associated with lower 
CRP levels only in men but not women.100 This association may be due to the young age of the 
participants. Another randomized feeding study on 217 Chinese adults reported higher CRP 
levels in the high fat diet than the low/moderate fat diets.101 More research has been conducted 
on the relationship of red meat (which is high in saturated fat) and inflammation. One 
prospective study on 1,223 multi-ethnic US adults with a 9-year follow up reported unprocessed 
and processed red meat was associated with high levels of CRP in women.102 Furthermore, four 
cross-sectional studies on various populations all reported a positive association between red 
meat intake and CRP levels.103–106 Six studies reporting on the relationship between dietary fats 
and SCFA producing bacteria were found.92,101,107–110 In a 6-month controlled feeding study on 
217 Chinese adults found that community diversity increased in the low-fat diet compared to the 
high-fat diet.101 In addition, Butyric acid and total SCFAs were decreased in the high fat diet 
compared to other diets.101 Despite no changes in bacterial abundance, three other randomized 
trials reported differences in SCFA producing bacteria. The first, a randomized crossover study 
on 42 adults found that a diet high in unsaturated fats improved abundance of the genera 
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Roseburia and Eubacterium.107 The second randomized intervention study on 297 Chinese adults 
found that a diet high in animal fats was inversely associated with bacterial diversity, butyrate 
levels, and Eubacterium hallii when compared to the low animal fat diet.110 The third 
randomized intervention trial in 69 UK adults found that omega-3 fats were associated with 
increased Coprococcus spp and iso-butyric acid levels.108 Two other cross-sectional studies 
reported results that reinforce healthy fats beneficial effect on SCFA producing bacterial 
abundance.92,109 The first, a study in 43 Filipino children reported that total fat was associated 
with lower abundance of the genera Prevotella.109 The second, a study on 226 Dutch reported 
nuts and seeds, which are high in healthy fats and fiber, to be associated with Faecalibacterium 
prausnitzii, Eubacterium rectale, Alistipes spp, and Prevotella spp. Fat, specifically 
saturated/animal fat, appears to be consistently linked to higher levels of inflammation and 
detrimental changes in the microbiota, suggesting that unhealthy fats may contribute to poor 
health outcomes. In addition to fats, dietary sugar has been an emphasis in nutrition education 
and SNAP-Ed; however, little research has been done in its effects on the microbiota, likely 
because most simple sugars are absorbed before arriving in the lower gastrointestinal tract. 
Dietary sugar, however, has been linked to higher levels of inflammation and may cause this 
independent of the microbiota.86  
Summary & Conclusions 
The Bhutanese refugee population in the US may carry a disproportionate risk of 
inflammatory-related conditions as compared to other populations. This is evidenced by the 
higher rates of chronic disease such as T2DM and CVD in South Asians compared to the general 
population and other immigrant groups. This phenomenon is hypothesized to be caused by a 
variety of lifestyle and biologic factors, diet being one of the key contributors. The current 
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literature has established higher quality diets as mediators of health by the reduction of 
inflammation and improvements to gut microbiota populations. These changes have been 
associated with reduced risk of cardiometabolic diseases such as CVD and T2DM. The literature, 
however, has not evaluated one of the largest social programs in the US aimed at increasing diet 
quality in high-risk populations. Little published research has examined the effects of SNAP-Ed 
on diet quality, and there is no current research, to our knowledge, that examines SNAP-Ed’s 
effects on inflammation and the gut microbiota. Whether SNAP-Ed has a positive impact on 
chronic disease risk of the Bhutanese refugees remains unknown.  
Because of these knowledge gaps, our overall objective is to evaluate the impact of SNAP-
Ed on inflammation and the gut microbiota in Bhutanese refugee adults residing in New 
Hampshire. This will provide novel information on how improving diet may reduce 
cardiometabolic risk and whether SNAP-Ed is effective in the Bhutanese refugee community. 
The building blocks of SNAP-Ed include lessons on eating more fruit, vegetables, whole grains, 
and fiber, while limiting fat (specifically saturated fat) and sugar. These lessons, if executed by 
participants, should increase diet quality, promote gut health, and reduce systemic inflammation 
which may reduce incidence of chronic diseases CVD and T2DM. Results of the current study 
could aid in increasing the health status of Bhutanese refugees across the US and inform future 







CHAPTER III: METHODS 
Participants & Recruitment 
 A convenience sample of adult Bhutanese refugees were identified and recruited in 
concert with an important community organization in the Bhutanese population called Building 
Community in New Hampshire (BCNH). BCNH is a community-based non-profit organization 
that provides social services to new Americans to help ease the resettlement process.111 Formerly 
known as the Bhutanese Community in New Hampshire, this organization helps many Bhutanese 
refugees in their transition to America and thus is an integral and trusted part of the 
community.111 Participants were recruited primarily from BCNH’s current telephone and email 
contact lists as well as directly during events. A bi-cultural community health worker associated 
with BCNH worked to increase community buy in and participation. Of the 54 participants, one 
did not complete the study due to prescription of antibiotics, while two others did not finish due 
to personal reasons. After screening and enrollment into the study, participants were 
compensated $25 after completion of Study Visit 1, $50 after completion of Study Visit 2, and 
$75 after completion of the entire study. All participants provided informed consent for all parts 
of the study. The University of New Hampshire Institutional Review Board approved the current 
study protocol (IRB #8042). 
 Fifty-four individuals living in the Manchester and Concord, New Hampshire area were 
recruited to participate in the study. Initial screening allowed inclusion of (1) individuals 
identifying as Bhutanese refugees, (2) who are 18 years of age or older, (3) and who are SNAP 
eligible or receiving SNAP benefits. Individuals were excluded if they (1) planned to resettle 
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outside the area within two months, (2) were pregnant or trying to become pregnant, (3) or were 
prescribed antibiotics in the past 6 months. 
Intervention 
 Prior to starting the intervention, Participants were block randomized according to sex, 
such that intervention assignment (SNAP-Ed or control) is distributed equally within sexes. The 
intervention consisted of a 6-week, one-on-one SNAP-Ed course taught in home by a bicultural 
and bilingual (English and Nepali) community health worker in the participant’s preferred 
language (resources have been pre-translated if necessary). The course met weekly (one-hour 
long sessions) from week 2 to week 7 of the program and consisted of six lessons delivered by 
PowerPoint, based on the USDA food recommendations, on the following topics: (1) Healthy 
eating using MyPlate and physical activity, (2) Understanding nutrition labels, (3) Portion sizes, 
(4) Food Safety Handling, (5) Choosing more fruits and vegetables, (6) and Making smart drink 
choices. Learning objectives for each of the six lessons can be found in Table 1. 
Primary Outcomes  
 Diet data was collected via three 24-hour diet recalls during weeks 1/2 and weeks 7/8. 
The 24-hour recalls were conducted on non-consecutive days, using the multi-pass method 
(developed by the Nutrition Coordinating Center at the University of Minnesota), by a trained, 
bilingual community health worker after participants were supplied and instructed on how to use 
food measurement estimation tools. Nutrient intake was then estimated by an average of the 
three 24-hour recalls using the Nutrition Data System for Research (NDSR) software (version 
2019, Minneapolis, MN). Diet quality was calculated using the Healthy Eating Index 2015  score 
(HEI-2015), a calculation of food groups designed to measure the adherence to the Dietary 
Guidelines for Americans.112 
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Approximately 35 mL of blood was collected after a 12 hour fast in EDTA (one 10 mL and 
one 4 mL), lithium heparin (one 10 mL), and serum (one 10 mL) vacutainers from each 
participant at weeks 1 and 7 by a trained phlebotomist and transported on ice (one 4 mL EDTA 
tube kept at room temp) back to the University of New Hampshire (UNH). Once returned to 
UNH all 10 mL vacutainers were centrifuged at 3000 RPM for 10 minutes, aliquoted 0.5 mL 
portions into six 2 mL cryotubes, and frozen at -80℃ for later analysis. Biomarkers of 
inflammation: tumor necrosis factor α (TNF-α) and interleukin-6 (IL-6) were analyzed via 
enzyme-linked immunosorbent assay (ELISA) on EDTA plasma using Abcam Human IL-6 and 
TNF-α Elisa Kits. High sensitivity C-reactive protein (hs-CRP) was calculated using the 
EasyRA® Clinical Chemistry Analyzer by Medica Corporation chemistry analyzer on lithium 
heparin plasma. 
Fecal samples were collected during weeks 1 and 7 by participants. Participants were 
instructed by a bilingual community health worker to collect one gram of feces in a tube 
containing a DNA preservation solution using sterile gloves. The samples were then transported 
to UNH at room temperature. Half of the sample was stored in the original container at 4℃; the 
other half was aliquoted into a 5 mL cryotube and stored at -80℃. DNA was extracted from the 
original collection containers using Zymo Research Quick-DNA Fecal/Soil Microbe kits. 
extracted DNA samples were sequenced via shotgun metagenomic sequencing using an Illumina 
HiSeq 2500 instrument. Profiling the composition of microbial communities in each sample 
using MetaPhlAn 2 yielded relative abundance of bacterial operational taxonomic units (OTU) at 




 Markers of glucose homeostasis was measured by glycosylated hemoglobin (HbA1c) on 
room temperature EDTA whole blood using the Semens DCA Vantage analyzer 
(spectrophotometry on inhibition of latex agglutination). HOMA-IR, a measure of insulin 
resistance, was calculated by fasting serum insulin (μIU/ml) × fasting plasma glucose 
(mmol/l)/22.5.113 Fasting insulin was calculated using ALPCO human insulin ELISA kits on 
heparin plasma. Fasting glucose was quantified using the EasyRA® Clinical Chemistry Analyzer 
by Medica Corporation on heparin plasma. Blood lipids (triglycerides, low density lipoprotein, 
high density lipoprotein, and cholesterol) were also quantified using this chemistry analyzer on 
fasting heparin plasma. 
Covariates 
 Demographic, anthropometric, and other health information for each participant was 
collected via an in-person survey conducted by the BCNH community health worker. 
Differences in age, sex, years living in the US, high school or equivalent completion status, 
household size, tobacco use, physical activity level, body mass index, CVD status, and T2DM 
status between SNAP-Ed and control groups were used to identify covariates for our 
experimental analysis. Differences in these same variables between total diet quality by HEI-
2015 score were used to identify covariates for our observational analyses. Physical activity level 
was calculated by assigning daily hours of vigorous, moderate, light and no activity a descending 
valued score then adding each for a total activity score. CVD was determined by self-reported 
health information, while T2DM status was determined if participants self-reported, had a 
HbA1c of 6.5% or higher, or actively used diabetes medications. No covariates were used in the 






All data collected from participants giving informed consent was deidentified and stored on 
secure computers as electronic copies only. Consent forms, the only paper records collected are 
stored in a locked file cabinet on the UNH Durham campus. All biological samples were labeled 
using a deidentified study code and stored in locked laboratories on the UNH Durham campus. 
Differences in participant characteristics between intervention and control groups were 
quantified using independent T-tests and chi-square analyses. To quantify the longitudinal 
differences between dietary quality (defined by the 2015 healthy eating index (HEI-2015)), 
levels for biomarkers of inflammation, glucose homeostasis, and blood lipids from baseline to 
post-intervention and between control and SNAP-Ed groups, repeated measures ANOVA was 
used. T-Tests were used to determine differences from baseline to follow-up for HEI score and 
components in the SNAP-Ed group and control group independently. To assess the differences in 
bacterial abundance of known SCFA producers between participants in the SNAP-Ed and control 
group, individuals were categorized into high and low abundance groups based on a median-
split. The bacteria examined included Coprococcus catus, Eubacterium biforme, Eubacterium 
hallii, Eubacterium rectale, Faecalibacterium prausnitzii, Prevotella copri, and Roseburia 
inulinivorans. Akkermansia muciniphila, Alistipes putredinis, Anaerostipes hadrus, Bacteroides 
uniformis, and Roseburia intestinalis were excluded due to less than 30% of the cohort having 
these bacteria present in their fecal samples. Logistic regression was then used to compare high 
versus low abundance to SNAP-Ed or control participants first using baseline measurements, 
then using follow-up measurements. This produced an odds ratio that represented odds of high 




The prospective associations between dietary quality, (defined by the HEI-2015) alpha 
diversity, inflammatory, glucose homeostasis, and blood lipid biomarkers will be assessed using 
ANCOVA after HEI-2015 score and components are split into equal tertiles. When HEI-2015 
components did not provide sufficient variation in the group to support three equal tertiles, intake 
per 1000 kcals will be used in its place. P-trend analysis was conducted by treating categorical 
HEI tertile variable as continuous. Covariates age, sex, and T2DM were used. Logistic 
regression will again be used to quantify observational associations between diet quality using 
median split groups for HEI-2015 and its components and median split abundance of SCFA 






CHAPTER IV: RESULTS 
Effects of SNAP-Ed on Dietary Quality & Cardiometabolic Risk: Intervention Results 
Participant Characteristics 
Members of the 54-person cohort were all Bhutanese refugee adults with an average age 
of 47.3 ± 2.0 years and were 83% female (Table 2). Immigration to the US occurred on average 
7.8 ± 0.5 years ago (Table 2). The mean household size was 3.7 ± 0.2 people and 13% of the 
cohort completed high school or other equivalent education in their lifetime (Table 2). The 
average BMI was 28.3 ± 0.6 and 82% were categorized as overweight or obese (Table 2). Nearly 
40% of the cohort used some form of tobacco products (Table 2). Additionally, 9% of the cohort 
has diagnosed cardiovascular disease (excluding hypertension), and 41% has diagnosed (37%) or 
undiagnosed (4%) type two diabetes mellitus (Table 1). All The 54-person cohort also had an 
average HEI-2015 score of 60.7±1.5 (Table 3). In meeting dietary guidelines, 87% and 85% of 
this group met total vegetable and greens and beans intake recommendations, respectively. 
Additionally, 94% met the limit for added sugars and 74% met the limit for saturated fats (Table 
3). Despite strong dietary quality for these HEI-2015 components, less than 30% of the cohort 
meets the recommendations for seven of the nine remaining components (Table 3). There were 
no differences in any participant characteristic or dietary intake variable at baseline between the 
SNAP-Ed and control group suggesting that randomization was successful (Table 2 and 3). 
SNAP-Ed and Dietary Quality 
 During the follow-up period HEI-2015 scores did not significantly change among those 
in the SNAP-Ed group (60.3 ± 2.35 to 59.7 ± 1.94) as compared to the control group (60.5 ± 1.88 
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to 57 ± 1.61) (Table 4, P=0.27). Similarly, we did not observe change in most HEI score 
components during the follow-up period. However, whole grain HEI component scores did 
improve in the control condition (3.26 ± 0.83 to 4.14 ± 0.87) relative to the SNAP-Ed group (3.4 
± 0.51 to 2.56 ± 0.74) (Table 4, P=0.003) driven by a significant reduction in the whole grain 
component score for the SNAP-Ed group (Table 4, P=0.003). We also examined effects on 
selected dietary nutrients including total fiber, beta-carotene, vitamin D, vitamin B6 and vitamin 
B12, which also showed no significant changes at follow-up between SNAP-Ed and the 
intervention group (Supplemental Table 1). 
SNAP-Ed and Biomarkers of Inflammatory Status and Glucose and Cholesterol Homeostasis 
 Participants in the SNAP-Ed group as compared to control did not experience significant 
changes in inflammatory biomarkers, specifically IL-6, CRP, and TNF-α) (Table 5, P=0.39 to 
0.57). Similarly, changes in HOMA-IR, HbA1c, fasting glucose, or fasting insulin were not 
detected among participants at follow-up in the SNAP-Ed group relative to the control group 
(Table 5, P=0.22 to 0.79). High density lipoprotein tended to increase in the SNAP-Ed group 
relative to control at follow-up (P<0.08, Table 5), however, this trend was not found in any other 
lipid biomarker (Table 5, P=0.11 to 0.36). 
Bacterial Abundance of SCFAs and Alpha-Diversity 
 Participants in the SNAP-Ed group did not experience changes in microbiome alpha-
diversity at follow-up when compared to the control group (Table 5, P=0.77). SNAP-Ed 
participants did not have better odds of high abundance of SCFA producing bacteria 
Coprococcus catus, Eubacterium biforme, Eubacterium hallii, Eubacterium rectale, 
Faecalibacterium prausnitzii, Prevotella copri, and Roseburia inulinivorans at baseline relative 
to the control group (Supplemental Table 2, P=0.12 to 0.90). This allows us to assume baseline 
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similarity and complete the same analysis at follow-up. Similarly, odds of high versus low 
abundance of SCFA producing bacteria at follow-up were not different between SNAP-Ed and 
control either (Table 6, all P=0.15 to 0.77). 
SNAP-Ed Exit Evaluations 
Based on exit evaluations we found that all but one participant in the SNAP-Ed 
intervention was satisfied with the education that they received and would recommend the 
SNAP-Ed program to a friend (Table 12). All reported that they were using information learned 
from the SNAP-Ed program at the time of the exit evaluation (Table 12). Further, SNAP-Ed 
participants found most lessons to be helpful: MyPlate (96%), Food Safety Handling (96%), 
Understanding Nutrition Labeling (93%), Choosing More Fruits and Vegetables (100%), and 
Portion Size (82%)(Table 12). Conversely, far fewer participants found the Making Smart Drink 
Choices (57%) helpful (Table 12). Participants also enjoyed the in-home format with 100% 
saying they were satisfied with that approach (Table 12). 
Associations Between Dietary Quality & Cardiometabolic Risk: Observational Results 
Sample Characteristics by Dietary Quality  
 Participants with the higher dietary quality tended to be older, with the highest diet 
quality tertile being an average age of 55.3 ± 2.58, compared to 42.4 ± 3.5 and 43.7 ± 3.51 for 
tertile 2 and 3 respectively (Table 7, P-trend=0.015). A trending positive association between 
T2DM and dietary quality was found such that 66.7% of participants with the highest dietary 
quality lived with diabetes compared to 22.2% and 35.3% in tertiles 2 and 3 (Table 7, P-
trend=0.057). No other patient characteristics were different between tertiles of diet quality 
(Table 7, P-trend=0.16 to 0.96). 
Dietary Quality and Inflammatory Biomarkers  
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 Baseline circulating concentrations of CRP (P-trend=0.86) and TNF-α (P-trend=0.76) did 
not significantly vary by HEI-2015 score tertile (Table 8). However, we observed that IL-6 
concentrations tended to decrease with increasing HEI-2015 tertile (Table 8, 2.4 ± 1.2 pg/mL, 
1.7 ± 1.2 pg/mL, and 1.1 ± 1.2 pg/mL by increasing HEI tertile, P-trend=0.06). The majority of 
dietary components that contribute to the HEI-2015 score were not significantly associated with 
the inflammatory outcomes (Table 8). However, we did observe that increasing total fruit tertile 
was significantly associated with lower IL-6 concentrations (2.2 ± 1.1 pg/mL, 2.2 ± 1.2 pg/mL, 
0.98 ± 1.2 pg/mL by increasing HEI tertile, P-trend=0.03). Similarly, IL-6 concentrations tended 
to lower by increasing whole fruit tertile (2.1 ± 1.2 pg/mL, 2.1 ± 1.2 pg/mL, 1.1 ± 1.2 pg/mL by 
tertile, P-trend=0.06). Greens and beans was significantly and inversely associated with CRP (4.5 
± 1.2 mg/L, 2.1 ± 1.2 mg/L, and 1.4 ± 1.2 mg/L by greens and beans tertile, P-trend=0.01) and 
there was a suggestion of an inverse association with total vegetables (3.8± 1.2 mg/L, 2.3 ± 1.2 
mg/L, and 1.5 ± 1.2 mg/L by total vegetable tertile, P-trend=0.053).  
Most selected nutrients were not associated with inflammatory biomarker outcomes  
(Supplementary Table 3). However, we observed that total fiber (Supplemental Table 3, 3.4 ± 
1.2 mg/L, 2.6 ± 1.2 mg/L, and 1.5 ± 1.2 mg/L by total fiber tertile, P-trend=0.054) tended to be 
inversely associated with baseline CRP concentrations. This appeared to be driven by insoluble 
fiber consumption (Supplemental Table 3, 4.1 ± 1.2 mg/L, 2.6 ± 1.2 mg/L, 1.2 ± 1.2 mg/L by 
insoluble fiber tertile, P-trend=0.007). In addition, there was a suggestion of an inverse 
association between dietary beta-carotene and CRP (Supplemental Table 3, 2.9 ± 1.2 mg/L, 3.2 ± 
1.2 mg/L, and 1.4 ± 1.2 mg/L by beta-carotene tertile, P-trend=0.08). Soluble fiber was 
significantly and positively associated with IL-6 concentrations (Supplemental Table 3, 1.2 ± 1.2 
pg/mL, 1.5 ± 1.2 pg/mL, and 2.8 ± 1.2 pg/mL by soluble fiber tertile, P-Trend=0.048).  
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Dietary quality and Glucose Homeostasis and Lipid-Related Biomarkers 
 Dietary quality, as assessed by HEI-2015 scores (tertiles) was not significantly associated 
with measures glucose homeostasis (HOMA-IR or HbA1c values) (Table 9, P-trend=0.18 to 
0.94). These biomarkers of glucose homeostasis did not significantly vary by HEI score 
components. In addition, we observed null associations between selected nutrients and HOMA-
IR and HbA1c (Supplementary Table 4). 
Although, the HEI score was not significantly associated with lipid-related biomarkers 
(total cholesterol, LDL-C, HDL-C, and triglycerides) (Table 9, P-trend=0.11 to 0.54), several 
HEI score components were observed to be related including whole grains and the unsaturated 
fatty acid to saturated fatty acid ratio (fatty acid ratio). Greater whole grain consumption was 
associated with lower total cholesterol (202 ± 9.9 mg/dL, 182 ± 9.3 mg/dL, and 160 ± 10 mg/dL 
by whole grain tertile, P-trend=0.01) and LDL-C concentrations (97 ± 6.1 mg/dL, 84 ± 5.7 
mg/dL, and 64 ± 6.3 mg/dL, P-trend=0.0008) (Table 9).  Higher fatty acid ratio values were 
associated with lower total cholesterol (202 ± 9.1 mg/dL, 177 ± 13 mg/dL, and 169 ± 8.4 mg/dL 
by fatty acid ratio tertile, P-trend=0.02) and triglyceride concentrations (159 ± 1.0 mg/dL, 177 ± 
1.1 mg/dL, and 114 ± 1.0 mg/dL, P-trend=0.045). We observed positive associations between 
saturated fat and total cholesterol (170 ± 9.6 mg/dL, 173 ± 9.9 mg/dL, and 201 ± 9.8 mg/dL by 
saturated fat tertile, P-trend=0.03) as well as sea and plant protein and HDL-C concentrations (41 
± 2.2 mg/dL, 42 ± 2.6 mg/dL, and 43 ± 2.1 mg/dL by sea and plant protein tertile, P-
trend=0.017). Conversely, added sugar was inversely associated with fasting triglycerides (159 ± 
1.0 mg/dL, 148 ± 1.0 mg/dL, and 113 ± 1.0 mg/dL by added sugar tertile, P-trend=0.043). Most 
associations between selected nutrients and lipid biomarkers were null, although vitamin B-6 
was positively associated with triglycerides (Supplementary Table 4, P-trend=0.029). 
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Dietary Quality and Gut Microbiota Outcomes  
Higher overall dietary quality (2.3 ± 0.09, 2.8 ± 0.09, 2.5 ± 0.09 by HEI tertile, P-
trend=0.06) and whole grain consumption (2.4 ± 0.1, 2.6 ± 0.1, 2.6 ± 0.1 by increasing HEI 
component tertile, P-trend=0.07) tended to be associated with greater microbial diversity (Table 
10). Conversely, total vegetable consumption trended towards inverse association (Table 10, P-
trend=0.09). However, all HEI components were not significantly associated with alpha-diversity 
(Table 10). Moreover, selected nutrients were not significantly associated with alpha-diversity, 
though vitamin B-12 tended to be positively associated (P-trend=0.06) (Supplementary Table 
5).  
 Total dietary quality was not significantly associated with higher abundance of selected 
gut microbes (Table 11). Higher fatty acid ratio was significantly associated with higher 
abundance of Coprococcus catus [OR: 3.8 (1.0, 14.0)], Eubacterium biforme [OR: 9.8 (2.1, 46)], 
Prevotella copri [OR: 5.6 (1.4, 22)]. Greater saturated fat intake was associated with lower 
abundance of Eubacterium biforme [OR: 0.17 (0.04, 68)] and Prevotella copri [OR: 0.21 (0.06, 
0.73)]. Higher sugar consumption was associated with lower abundance of Eubacterium Rectale 
[0.17 (0.046,0.66)], whereas higher sodium intake was related to higher abundance of 
Faecalibacterium Prausnitzii [OR: 4.5 (1.1,18)]. In addition, we observed inverse associations 
between several HEI score components and specific bacteria: Eubacterium biforme with whole 
fruit [OR=0.20 (0.052,0.74)] and refined grains (OR: 0.18 [0.048,0.71]); whole grains and 
Faecalibacterium prausnitzii [OR: 0.19 (0.045,0.83)]; and sea & plant protein and Eubacterium 
rectale [OR: 0.23 (0.067, 0.83)].  
 Most selected nutrients were not related to gut microbial abundances (Supplementary 
Table 6). However, greater vitamin B6 intake was significantly associated with higher 
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abundance of Eubacterium biforme [OR: 5.3 (1.3, 21)] and Eubacterium rectale [OR: 3.5 (1.1, 
12)]. In addition, vitamin B-12 was inversely associated with Eubacterium biforme [OR: 0.24 
(0.06, 0.95)]. 
Typical Food Consumption 
 Foods that contribute highly to percent of total energy for each HEI component were 
presented in Supplementary Table 7. Watermelon, banana, apple, pear, and mango contributed 
67.9% of consumed energy from fruit, while curry dishes with vegetables (with legumes), mixed 
vegetable dishes, and mixed greens contributed 89.8% of energy for total vegetable 
consumption. The green and beans category was similar to consumption in the total vegetable 
category, however, with the addition of beans (99.1%). Participants consumed mostly whole 
wheat bread, oatmeal, cold cereals, high fiber grain products, and whole wheat pasta/noodles, 
which contributed 84.4% of energy in the whole grain category. Conversely, 91.8% of energy 
from refined grain consumption came from parboiled rice, plain rice, plain pasta/noodles, fried 
dumplings, and crackers (77% was parboiled and plain rice). Interestingly, foods contributing to 
the fatty acid ratio and saturated fat consumption were similar. Curry dishes with vegetables 
were highly consumed in both categories (Supplementary Table 7). Other important foods 
contributing to the fatty acid ratio were mixed greens, vegetables dishes, coffee, and parboiled 
rice, while yogurt, whole milk, pork, and chicken/turkey contributed highly to saturated fat 









CHAPTER V: DISCUSSION 
We observed that a six-lesson (delivered weekly) SNAP-Ed intervention administered 
one-on-one to Bhutanese refugee adults residing in NH did not significantly improve dietary 
quality, as assessed by HEI-2015, as compared to a control group that did not receive any SNAP-
Ed lessons during the follow-up period. In addition, those in the SNAP-Ed intervention did not 
experience significant changes in biomarkers of inflammatory burden, including circulating 
proinflammatory factors, and abundance of gut microbes implicated in inflammatory-related 
health conditions. However, in observational analyses conducted cross-sectionally at baseline, 
we identified several dietary quality components that were related to better inflammatory (total 
fruits and greens and beans intakes) and lipid profiles (whole grains and higher unsaturated to 
saturated fat consumption).    
Effects of SNAP-Ed on Dietary Quality & Cardiometabolic Risk: Intervention Results   
 To our knowledge, we are the first study to examine the potential impact of SNAP-Ed 
delivered through multiple in-person lessons on dietary quality using a randomized controlled 
study design among Bhutanese refugees. We observed that SNAP-Ed did not meaningfully 
impact dietary quality in our study participants. Only a handful of studies have examined the 
impact of SNAP-Ed on dietary quality. The first study was also a randomized control trial of a 4-
week SNAP-Ed intervention in 103 Indiana residents of unspecified race/ethnicicty.114 Similarly 
to our findings, the Indiana study reported no changes in HEI score or any individual food 
groups (dietary data from two 24-hour recalls) at one year follow-up.114 The second study 
examined SNAP-Ed impact on dietary quality using a single arm pre-post design in a sample of 
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1,582 multiethnic Michigan residents.40 The cohort was nearly 58% white, 25% African 
American, and 15% other races, while 27% identified as Hispanic.40 The study collected dietary 
information from one 24-hour recall and reportedly found that SNAP-Ed improved HEI scores 
by 1 point from baseline to follow-up.40 Because this was a secondary analysis of data from a 
variety of counties, the SNAP-Ed intervention delivery was not clear and may lacked 
standardization across the study.40 Another study conducted a cross-sectional telephone survey to 
compare dietary intake between census tracts with high versus low SNAP-Ed reach.38 The survey 
collected one 24-hour recall from 6,355 mothers (43% Latina, 26% white, and 18% African 
American) in randomly selected SNAP receiving households.38 The study reported no 
differences in HEI score between high and low SNAP-Ed reach census tracts.38 Our findings are 
supported by two of the three mentioned studies, one of which is perhaps the strongest evidence 
given its randomized control design. Our study produced conflicting results with the remaining 
single arm interventions study. This could be due to the higher potential for measurement error 
as participants may self-report more healthier foods as they are more socially desirable.115 These 
effects are mitigated by our study because our use of a comparative control group. Additionally, 
dietary intake data from one 24-hour recall and excluding weekend dietary intake also introduces 
greater measurement error, which our study overcomes due to its use of three 24-hour recalls 
including both weekend and weekday intake.  
 Despite inconsistent support from the literature regarding total dietary quality, another 
handful of studies reported more consistently on SNAP-Ed effects on fruit and vegetable 
consumption. Perhaps the strongest study deployed a quasi-experimental design to compare fruit 
and vegetable intake of those who had not attended any farmers market SNAP-Ed classes, those 
that had attended one class, and those that had attended two or more classes in a sample of 2,063 
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participants (68% Hispanic, 16% African American) from New York.116 Fruit and vegetable 
consumption was determined from two open-ended survey questions and the study reported that 
attending two or more classes was associated with higher fruit and vegetable consumption 
relative to attending one or no classes.116 Similarly two separate studies examining SNAP-Ed 
reach also found that census tracts with higher SNAP-Ed reach was associated with higher fruit 
and vegetable consumption in cohorts of 6,355 mothers and 4,245 adults from SNAP receiving 
households (study details previously discussed).38,39 These studies support that SNAP-Ed can 
improve fruit and vegetable consumption, which is in contrast to our finding of no benefit on 
fruit and vegetable consumption among Bhutanese refugee adults.. This could be due to a 
number of factors.  Most importantly, none of the three mentioned studies utilized a robust 
experimental design which could introduce confounding compared to our randomized control 
design. Additionally, all three studies use one automated 24-hour recall or two self-administered 
open-ended questions to determine intake. Conversely our study reduced the potential 
measurement for misclassification errors by utilizing three 24-hour recalls.  
 Future studies evaluating SNAP-Ed effects on diet quality should employ controlled 
experimental designs to reduce confounding and strengthen the available literature. Given the 
lack of studies using an experimental approach, it is difficult to conclude whether SNAP-Ed 
beneficially impacts dietary quality or specific healthy food groups. However, our study provides 
some evidence to the contrary, particularly among adult Bhutanese refugees. 
 Without improvement to diet, it is also not surprising that we did not see changes in 
cardiometabolic risk factors, which are closely related to diet. We reported no changes in 
inflammation levels, glucose homeostasis, lipid regulation, or the gut microbiome after the 
SNAP-Ed intervention. This is the first evidence examining SNAP-Ed efficacy regarding 
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cardiometabolic risk factors in the Bhutanese refugee population or otherwise. Other nutrition 
programs have shown that inflammation and the gut microbiome can be improved through 
nutrition education and diet improvement, but these programs have been specifically designed to 
improve these individual factors, while SNAP-Ed has not.117–119 For example, each of the three 
nutrition education programs mentioned all have a major module that encourages the 
consumption of fiber, particularly through whole grains and vegetables.117–119 Such lessons on 
vegetable and whole grains are encouraged for their anti-inflammatory and gut beneficial 
properties by these programs, yet are not found as staple lessons in SNAP-Ed. Because of these 
critical differences, we have little supporting evidence for our results, however, such findings are 
crucial to the evaluation of SNAP-Ed as a program, particularly in understudied cultural groups 
for which the program was not developed for.  
 The SNAP-Ed Education Curriculum used in the current study is the same used by UNH 
Cooperative Extension since 2013 for SNAP-Ed and EFNEP outreach, the North Carolina 
EFNEP’s Eating Smart and Moving More curriculum. The NC EFNEP content is consistent with 
other widely used EFNEP curriculum and is one of the most commonly used curriculum to 
deliver EFNEP or SNAP-Ed.120 However, the curriculum was developed for resource-limited 
American audiences. Because we sought to determine the impact of currently used SNAP-Ed 
curriculum we did not modify the education for the current study. For previous outreach in the 
adult Bhutanese refugee community, the SNAP-Ed curriculum was translated to Nepali, but few 
other modifications were made.  
It is not clear why SNAP-Ed did not meaningfully impact dietary quality among our 
participants. Exit evaluations found that most of our participants were satisfied with, would 
recommend, and were using information from the SNAP-Ed intervention (Table 12). This would 
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suggest that we should see dietary improvement in this group, however, our findings do not 
support this. Participants also were mostly satisfied with 5 of the 6 lessons (Table 12). 
Conversely, far fewer participants found the Making Smart Drink Choices (57%) helpful (Table 
12). This suggests that not all dietary targets were culturally relevant to the participants, in this 
case sugar-sweetened beverages. Sugar-sweetened beverages are the largest contributor to added 
sugar consumption in the US.121 However, in our sample of Bhutanese Refugee Adults, added 
sugar consumption contributed to only 1.8% of total energy, far below the dietary 
recommendation of < 10%.122 Non-water beverage consumption came primarily from tea.  
Therefore, a contributing factor to the potential null findings may be because the SNAP-Ed 
program requires cultural modification to address the specific needs of the Bhutanese 
community. These results highlight the necessity to understand the culturally specific dietary 
intakes of the target population in order to inform the dietary targets of the nutrition education 
program. 
Paradoxically, we observed that whole grain consumption decreased in the SNAP-Ed 
group as compared to control. We are not certain as to the reasons for this unexpected finding. 
However, some anecdotal evidence points to potential misconception among our participants 
about what constitutes a whole grain. We learned early in the study that some participants were 
reporting high consumption of whole grains. Upon further investigation it was discovered that 
these participants had reported brown rice consumption when they actually consumed parboiled 
rice, which is also brown in color. Parboiled rice is a staple food in Nepal and Bhutan. In our 
sample, parboiled rice contributed to 77% percent of energy from refined grains (Supplemental 
Table 7). In parboiled rice production, it is partially boiled, allowing for nutrients to leak into the 
endosperm. The rice is then processed like regular white rice removing the hull, bran, and germ. 
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The polished parboiled rice has a light brown color, which contributed to confusion among 
participants in our study. These results provide additional support for the cultural tailoring of 
SNAP-Ed curriculum to the target audience. More specifically among Bhutanese Refugees, an 
educational module devoted to whole grain and rice consumption may be warranted, while the 
current sugar sweetened beverage module may not be necessary.  
Cultural tailoring of nutrition education programs has been shown to be efficacious. A 
number of studies found that tailoring nutrition education, particularly culturally tailoring, 
improves outcomes when compared to untailored nutrition education programs.123,124 For 
example, in 79 Korean immigrants to the US, a nutrition education based on the Dietary 
Guidelines for Americans significantly increased nutrition knowledge at follow-up compared to 
a control group.125 This intervention, however, included health information from the Korean 
Diabetes Association and examples using traditional foods and meals. Tailoring interventions 
with familiar cultural nutrition ideas, foods, and cooking practices in addition to just translation 
can increase efficacy and satisfaction with the intervention.125,126 Because SNAP-Ed seems to be 
ineffective in our study population, it seems that cultural tailoring of SNAP-Ed may be a way to 
improve outcomes. This makes our observational findings critical as they show which dietary 
improvements can be focused on for maximum improvements to cardiometabolic risk factors. 
Making modification to SNAP-Ed for the Bhutanese refugees should be centered around 
improving overall diet quality, but also fruit and vegetables, healthy fats, and whole grain 
consumption while limiting added sugars. All of these specific areas were found to be associated 
with more favorable cardiometabolic risk level and can be used along with culturally relevant 




Associations Between Dietary Quality and Cardiometabolic Risk: Observational Results 
Although SNAP-Ed did not meaningfully impact overall dietary quality or biomarkers of 
chronic disease risk in our sample of Bhutanese Refugee adults, our observation analyses 
identified potential dietary targets for future nutrition education programs conducted in this 
community.    
Dietary Quality and Inflammation 
We report that total HEI-2015 score had a trending inverse association with IL-6. Total 
fruit had a significant inverse association with IL-6. Meanwhile, total vegetable and greens and 
beans had a trending and significant inverse association respectively with CRP. The current 
literature does not wholly confirm results from our study regarding inflammation, however, it 
does show that our trending associations may be confirmed with a larger cohort. In two separate 
reports from the Nurses Health Study, total HEI score was inversely associated with both CRP 
and IL-6 in models with adjustment for age and total energy (which were included in our 
model).127,128 We report only a trending inverse relationship between HEI-2015 score and IL-6. 
This may be due to lack of power from a relatively small sample size of 54 participants 
compared to over 600 in this analysis from the Nurses Health Study.127,128 Additionally, we did 
not observe a relationship between HEI-2015 and CRP trending or otherwise. Our small sample 
size may have limited our ability to find a significant inverse relationship between HEI-2015 and 
CRP. Two other studies and a meta-analysis all found significant inverse associations between 
total HEI score and IL-6, CRP, or both, however, these studies had thousands of participants 
each which provides substantial power similar to the previously discussed studies.75,129,130 The 
only other study found with a more comparable sample size was conducted on 110 
postmenopausal, mostly white women.131 This study found non-significant inverse associations 
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between total HEI score and both IL-6 and CRP which is more comparable to our results.131 
Despite our small sample size, our trending inverse association between total HEI-2015 and IL-6 
does suggest that high dietary quality may be beneficial in inflammation reduction in Bhutanese 
refugees, but would need to be confirmed by a larger study. 
Association between individual food groups and inflammatory biomarkers reported by 
our study are largely backed by the literature. There are many studies that investigate fruit and 
vegetable consumption’s associations with inflammation. We found that fruit consumption was 
inversely associated with IL-6 and greens and beans consumption was inversely associated with 
CRP, while total vegetable consumption was inversely trending with CRP. The current literature 
consistently shows fruit and vegetable (FV) consumption is inversely associated with 
inflammatory biomarkers, however, it is not consistent with which biomarkers specifically. One 
study reported a reduction in TNF-α after a 8-week high FV diet in 26 participants, but did not 
see changes in either CRP or IL-6.84 Another study reported reduced IL-6 after a 6-week high FV 
diet in 49 participants, but not TNF-α or CRP.87 Yet another study found fruit consumption to be 
inversely associated with CRP and vegetable consumption to be inversely associated with TNF-α 
in 1,128 Mexican Americans.86 A recent systematic review and meta-analysis of 83 studies also 
found that FV consumption was inversely associated with CRP and TNF-α , but not IL-6.85 
Another randomized control trial examined legume consumption specifically in 30 obese adults 
and reported a significant decrease in CRP levels relative to control, which supports our 
findings.132 These studies suggest that both fruit, vegetables, and legumes can work to reduce 
inflammation in a variety of populations, which reinforces the results reported by our study 
showing high fruit consumption being associated with low IL-6 levels and vegetable 
consumption being associated with lower CRP levels. In addition to FV consumption, we saw 
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that CRP levels were inversely associated with insoluble fiber consumption and had a trending 
inverse relationship with total fiber consumption. A recent meta-analysis found that prebiotics 
(fiber) was inversely associated with CRP (7 studies included), but not IL-6 (6 studies) or TNF-α 
(4 studies), which fully supports our reported results.133 
It is important to note that there were no studies identified that examined the associations 
between diet and inflammation in the Bhutanese refugee population. Furthermore, Bhutanese 
refugees were not included in any of the multi-ethnic cohorts examining these relationships. 
Despite our study’s small sample size, our results provide novel information regarding the 
dietary impact on health in this understudied population. In particular, total fruit consumption 
and greens and beans associated with lower inflammatory profiles. In our study, fruit 
consumption was relatively low at 0.23 ± 0.05 servings per 1000kcals, but watermelon, banana, 
apple, pear, mango appeared to be most popular, accounting for 68% of fruit intake 
(Supplementary Table 7). This is much lower than the recommended intake of 1 serving per 
1000kcals122 and the US intakes of 0.5 ± 0.01 servings per 1000kcals.134 Curry Dishes with 
vegetables (including legumes) and various greens contributed to 96% of energy intake from the 
green and beans component score (Supplementary Table 7) in our population and consumption 
was relatively high at 4.54 ± 0.18 (maximum score of 5), which is higher compared to national 
score of 2.5 ±  0.09.135 Considering the impact that inflammation has on the risk of 
cardiovascular disease and T2DM our observational findings suggest that fruits, dark green 
vegetables, and beans should be dietary targets in nutrition education, particularly those highly 
consumed foods, for resource-limited Bhutanese refugee adults.    
Dietary Quality and Glucose Homeostasis and Lipid-Related Biomarkers  
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 Despite promising evidence of dietary impact on inflammation in our cohort, we did not 
see any significant or trending associations between diet and glucose homeostasis. We examined 
total dietary quality and individual food groups/nutrients and found no associations between 
those variables and HOMA-IR or HbA1c. This is in contrast to a large body of evidence that 
reports inverse associations between dietary quality (HEI) and both HOMA-IR and HbA1c. 
Three such studies include two large multiethnic cohort studies and one smaller Puerto Rican 
study.78,136,137 The first two studies both had a multi ethnic cohort of at least 1,500 participants 
and both reported total HEI score being inversely associated with HOMA-IR.78,137 The latter 
study, in a population of approximately 500 Puerto Ricans found that total HEI score was 
inversely associated with HbA1c.136 This suggests that a high quality diet can improve glucose 
homeostasis across a variety of races/ethnicities, although Bhutanese individuals were not 
included in any available study to our knowledge. Our findings contradict the bulk of the 
literature, however, or null results may be due to a lack of variability in our data. The average 
HOMA-IR score of our cohort was 6.63 ± 0.80 which is three times the average (2.04 ± 0.05 for 
women and 2.47 ± 0.09 for men) found by an NHANES study of 5,983 US adults.138 Likewise, 
the average US adult, based on a sample of 17,572, had an HbA1c level of 5.4% compared to our 
study average of 6.3 ± 0.16.139 These high levels with low variability could contribute to null 
associations in our glucose homeostasis analyses, and our small sample size prevents us from 
conducting a sensitivity analysis. Future studies in the Bhutanese community should work with a 
higher number of participants to increase variability in the data. 
 In contrast to our results with regard to glucose homeostasis, more consistent findings 
were observed between diet quality and blood lipid outcomes, particularly for whole grains and 
the fatty acid ratio. More whole grain consumption was associated with lower total and LDL 
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cholesterol concentrations. Further, greater unsaturated fatty acid intake relative to saturated fatty 
acid intake was beneficially associated with total cholesterol and triglycerides and trended 
towards better LDL cholesterol concentrations. Greater saturated fat was also associated with 
lower total cholesterol. Available literature reinforces our findings. Our reported whole grain 
results are supported by three separate meta-analyses of randomized control trials.140–142 These 
analyses all found that whole grains reduce both total cholesterol and LDL cholesterol after a 
whole grain diet intervention when compared to control.140–142 These findings combined with our 
reported results suggest that whole grains may work to lower total blood cholesterol as well as 
LDL cholesterol in Bhutanese refugees. Two independent studies show the ability of the 
PUFA/SFA ratio to improve plasma lipid levels.143,144 The first, in a sample of 1,004 Japanese 
reported that the fatty acid ratio was inversely associated with both total and LDL cholesterol 
which confirms our findings.144 The latter study in 55 Italians found that the fatty acid ratio was 
inversely associated with the plasma total cholesterol/HDL ratio suggesting that eating more 
unsaturated fats can reduce total cholesterol much like our findings.137 Additionally, a meta-
analysis of 9 studies reported that a high unsaturated fat diet (comparable to a high fatty acid 
ratio) was inversely associated with total cholesterol and triglycerides, further mirroring our 
findings.145 Two studies also found that saturated fat intake is associated with higher total 
cholesterol.146,147 The first reported increases to total cholesterol after just one week of a high 
saturated fat diet.146 This was supported by the second study which found 14:0 and 16:0 saturated 
fats contribute most to hypercholesterolemia when compared to other common trans fats and 




 Our results extend these previous findings to Bhutanese refugees and support the health 
benefits of greater whole grain and unsaturated fat consumption and lower saturated fat intake on 
dyslipidemia. Whole grain consumption in our sample of Bhutanese refugee adults was 0.76 ± 
0.10 oz equivalents per day and marked by high consumption of whole wheat breads, oatmeal, 
and cold cereals (71% of energy from whole grains, Supplementary Table 7). This is much lower 
than the recommended amount of 3 oz equivalents per day122 and lower than estimated intakes of 
0.97 ± 0.05 oz equivalents per day in the US.148 Similarly, our cohort consumes less of all three 
major fat types (MUFA: 10.9 ± 0.8, PUFA: 10.0 ± 0.7, Saturated Fats: 9.3 ± 0.8 all in g/day) 
compared to the US averages of (MUFA: 28.6 ± 0.3, PUFA: 17.6 ± 0.3, Saturated Fats: 26.0 ± 
0.4 all in g/day).149 Despite this our sample of Bhutanese refugee adults has a fatty acid ratio 
(unsaturated/saturated) of 2.5 compared to the US average of 1.8 which suggests our participants 
are eating a healthier mix of fats.149 Our findings suggest that whole grain consumption and 
unsaturated and saturated fat consumption should be considered dietary targets in nutrition 
education targeting Bhutanese refugees for improvement in lipid outcomes. 
Gut Microbiome SCFA Producers and Diversity 
 We report a variety of associations between diet quality/intake and abundance of SCFA 
producing bacteria and overall microbiome diversity. We found that the fatty acid ratio was 
positively associated with Coprococcus catus, Eubacterium biforme, and Prevotella copri while 
saturated fat intake was inversely associated with Eubacterium biforme and Prevotella copri. 
These findings suggests that a healthier dietary fat pattern including more unsaturated fats and 
less saturated fats could improve abundance of the SCFA producing bacteria. This is supported 
by all studies found examining fat intake and our bacteria of interest. Two separate randomized 
intervention trials found diets high in healthy unsaturated fats were associated with increased 
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Eubacterium and Coprococcus genera.107,108 Meanwhile, another randomized control trial 
investigating animal fats (mostly saturated) found that Eubacterium hallii¸ closely related to 
Eubacterium biforme, decreased in the high animal fat diet compared to the low animal fat 
diet.110 In addition, the Prevotella genera and other species of Eubacterium were identified as 
being inversely associated with animal/saturated fats by other cross-sectional studies.92,109 Our 
results in conjunction with available literature suggests that a healthy dietary fat pattern is an 
important factor in achieving a healthy gut microbiome in Bhutanese adults. 
 We found that alpha diversity by the Shannon index had a trending positive association 
with total HEI215 score, total vegetables, and whole grains. Each of these associations is 
supported by the literature as a number of studies found similar result, but at a significant 
level.81,83,87,98 Alpha-diversity was cross-sectionally associated with dietary quality (HEI 2005) in 
a sample of 34 adults.83 Meanwhile, a randomized control trial on 49 adults found that a 3 
servings/day fruit and vegetable diet improved alpha-diversity at follow-up.87 Additionally, in a 
sample of 28 adults, a 60g daily whole grain barley intervention improved alpha-diversity after 4 
weeks.98 Our reported trending associations may have also become significant provided we had a 
larger sample size for more power. Despite this, the combination of evidence from the literature 
and our own results provide support that overall diet quality, vegetable, and whole grain 
consumption can positively impact bacterial diversity in the gut of Bhutanese refugee adults.  
 Other results reported by our study include an inverse association between sea/plant 
protein and Eubacterium rectale, an inverse association between added sugar and Eubacterium 
rectale, and a positive association between sodium and Faecalibacterium prausnitzii. Only one 
study was found that examined the associations between protein and Eubacterium.150 The study 
was a randomized crossover study on 17 obese individuals and found that the abundance of 
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Eubacterium rectale decreased after a 4-week high protein, low carb diet.150 The study did not 
exclusively use sea and plant sources for their protein intervention but these protein types were 
included.150 This study, although not looking specifically at sea and plant protein, supports our 
findings and suggests that protein can reduce the beneficial bacteria Eubacterium rectale in the 
gut microbiome of Bhutanese. Similarly, only one study was found to examine the associations 
between dietary sugar and Eubacterium.151 In a comparable design, the cross-sectional study on 
52 primarily Hispanic participants found that dietary fructose was inversely associated with the 
genera Eubacterium.151 Such findings support our reported results and suggests added sugar 
could reduce the abundance of beneficial SCFA producing bacteria in the gut. Our last finding 
regarding sodium intake is completely novel. No other study to our knowledge has found 
associations, positive or negative, between sodium intake and Faecalibacterium prausnitzii. As 
the only available evidence, our results show that sodium intake could contribute to higher 
abundance of the SCFA producing bacteria. This finding, as well as the two previously 
mentioned findings, all need further study to examine the repeatability of our findings due to 
very little evidence regarding these associations. 
 The literature largely suggests that fruits, vegetables, and whole grains are positively 
associated with SCFA producing bacteria.91–93,98 Our findings, however, contradict this as we 
report whole fruit to be negatively associated with Eubacterium hallii and whole grains to be 
negatively associated with Faecalibacterium prausnitzii. Two of the mentioned studies from the 
literature directly contradict our findings.92,93 These two studies have a cross-sectional design 
which mimics our own analysis, but they benefit from much larger sample sizes, 226 and 1,192 
respectively.92,93 The smaller of the two studies collected and sequenced two fecal samples per 
participant for a more accurate average measurement of the microbial environment, while the 
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second study had nearly 24 times the amount of participants.92,93 These factors give the two 
studies much more accuracy and power compared to our study which collected one fecal sample 
(higher potential for measurement error) for each of the 50 participants included in our analysis. 
With other literature suggesting that other SCFA producing bacteria are also positively 
associated with fruit and whole grain consumption, it suggests that our results may have been 
found in error. It is important to note, however, our study is the only one examining these 
association in the Bhutanese refugee population. These results could mean that the gut 
microbiome and SCFA producing bacterial abundance could be influenced differently than 
expected due to differing cultural lifestyle practices in our population. More research is 
necessary to establish if our reported results can be repeatable. 
 Although our microbial analyses found some unexpected relationships, our findings 
suggest that greater unsaturated fat, and lower intakes of saturated fat, sodium, and added sugar 
may support the abundance of beneficial gut microbial communities in Bhutanese refugees. 
Further, we provide weaker evidence greater alpha-diversity may be benefited by overall dietary 
quality and whole grain intake. These findings are the first to our knowledge in this understudied 
community and provide valuable and novel evidence that can be used to construct future 
nutrition and health initiatives. Future nutrition education in this population should emphasize 
healthy fats, while reducing saturated fat and added sugar consumption. 
Strengths and Limitations 
 The current study benefits from a variety of strengths. Our study design was created to 
maximize participant buy-in and reduce attrition. Our 7-week study design was relatively short 
making it easier for participants to complete the entire study. We also conducted all study visits 
at the participants homes, this includes all blood and fecal sample collections. All visits were 
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also conducted by or in the presence of a bi-cultural community health worker in the language of 
the participants choice. These pieces were critical to building trust and positive experience for a 
refugee community that shares little culturally with the New Hampshire population. These 
efforts were effective given only two participants did not complete the study due to personal 
reasons. Our study also benefited from a randomized control trial design which allowed us to 
measure efficacy of SNAP-Ed, but also understand observational trends in diet and 
cardiometabolic health of our participants. Our SNAP-Ed curriculum was the standard, which 
allowed us to understand the efficacy of the program in this population. In addition, we used 
objective measures of health including inflammatory biomarkers, chemistry analytes, and 
microbial data from fecal samples.  
 Despite the many strengths of the study, we did rely heavily on self-reported dietary data. 
Because of this dietary reporting errors cannot be ruled out, however, we used three 24-hour 
recalls using the multi-pass method at baseline and follow-up for each participant. While self-
reported data is not as accurate as observing or conducting a feeding study, the thoroughness of 
our method did limit potential misreporting. Collecting one fecal sample for characterization of 
the gut microbiome could have also introduced error; multiple collections should be considered 
for future research. Additionally, our small sample size of 54 limited our power to find 
significant associations. Participants were also recruited by a convenience method which may 
introduce bias, however, this allowed us to reach over 50 participants in a relatively small 
community of Bhutanese refugee adults (<1% of total Bhutanese refugees in the US)152 living in 
central New Hampshire. This study also had a relatively short intervention period of 6 weeks. 
This time period is comparable to other diet intervention studies, however, dietary change in 
nutrition education interventions like SNAP-Ed only occurs after learning, thus differences in 
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biomarkers may have not occurred by the end of the study.86,87,91,94 An additional sample 
collection period and dietary evaluation three months after the conclusion of the study would 
resolve this issue. Above all else, this study is among only a handful of studies that has 
investigated the efficacy of SNAP-Ed in general, and the only study to our knowledge that 
examines that effects of SNAP-Ed and dietary associations with cardiometabolic risk in the 
Bhutanese refugee population. Because of this, our results are exceedingly valuable in not only 
the evaluation of SNAP-Ed, but also the development of health interventions aimed at reducing 






CHAPTER VI: CONCLUSIONS 
 The current study provides a variety of novel health information regarding a particularly 
at-risk population. This 54-person cohort of low-income Bhutanese refugees fully displayed this 
fact as 9% had CVD other than hypertension, which is similar to the national average, and 41% 
had undiagnosed or diagnosed T2DM, nearly three times the prevalence in the general 
population. In order to help reduce the prevalence of chronic disease in low-income populations, 
the federal government runs a nutrition intervention program known as SNAP-Ed which is 
available to all SNAP beneficiaries. Although this is a larger nationwide program, there has been 
little evaluation of its outcomes. Our study observed that SNAP-Ed did not provide any 
appreciable improvements to diet or risk factors of chronic disease in the Bhutanese refugee 
population. Despite these concerning findings, we did find a number of observational 
relationships between diet and chronic disease risk factors that can be used to improve and 
culturally tailor SNAP-Ed or other nutrition interventions for this population. We found that 
consuming more fruit and vegetables, whole grains, and healthy fats while limiting saturated fats 
and added sugars was associated with less inflammation, more favorable blood lipid profiles, and 
a healthier gut microbiome. All these measurements are indicative of lower chronic disease risk, 
which suggests emphasis of these food groups in nutrition interventions could reduce chronic 
disease prevalence in Bhutanese refugees. This information should be used in conjunction with 
culturally appropriate foods and cooking practices to improve existing nutrition education, such 
as SNAP-Ed, and create new effective initiatives. Such improvements could improve health 
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Table 1. Learning objectives of Each New Hampshire SNAP-Ed Lesson  
Healthy Eating Using MyPlate and Physical Activity 
1. make smart food choices to build a healthy plate; and 
2. state how healthy food choices and physical activity work together to help maintain a healthy weight 
Understanding Nutrition Labels 
1. identify information found on Nutrition Facts label; 
2. use the ingredients list on the nutrition label to identify whole-grain products; and 
3. use labels to choose low-fat and low-sodium foods. 
Portion Sizes 
1. describe the difference between portion size and serving size; and 
2. describe how eating appropriate serving sizes supports a healthy weight. 
Food Safety Handling  
1. identify simple food safety practices at home or away (Clean, Separate, Cook, Chill) following the Fight BAC! Rules; 
2. identify foods that should be avoided by pregnant and breastfeeding women and 
children under the age of five years; 
3. identify strategies to keep children safe in the kitchen; and 
4. set one food safety goal for their family. 
Choosing More Fruits and Vegetables 
1. identify three ways to include a variety of fruits and vegetables in their diet including 
deep green, red, and orange/yellow; 
2. identify strategies to help them save money on fruits and vegetables; 
3. identify a wide variety of fresh, frozen, and canned fruits 
available to them and their families; and 
4. set one goal to increase fruits and 
vegetables in their family meals. 
Making Smart Drink Choices 
1. state why it is important to drink fewer soft drinks 
2. name strategies for choosing low-fat and fat-free milk, water, and 100% juice 
3. select non-dairy sources of calcium 







Table 2. Differences in Demographic and Health Statistics Between SNAP-Ed and Control Groups1 
Exposure Total (n=54) Control (n=24) Intervention (n=30) P Value 
Age 47.3 ± 2.0 47.8 ± 3.0 46.8 ± 2.7 0.80 
Sex (% Female) 83% 83% 83% 1.00 
Years in US 7.75 ± 0.5 8.79 ± 1.0 6.90 ± 2.7 0.08 
High School Complete 13% 17% 10% 0.47 
Household Size 3.78 ± 0.2 3.63 ± 0.3 3.90 ± 0.3 0.53 
Tobacco Use 39% 38% 40% 0.85 
Physical Activity Score (24-120 MET/day) 28.3 ± 0.4 27.6 ± 0.5 28.9 ± 0.7 0.17 
BMI 28.3 ± 0.6 28.5 ± 0.9 28.2 ± 0.8 0.80 
CVD 9% 8% 10% 0.83 
T2DM 41% 38% 43% 0.67 
1Demographic and health statistic differences between SNAP-Ed and control group analyzed by T-test or Chi Square analysis using SAS. Columns indicated 







Table 3: Baseline Sample Characteristics by SNAP-Ed Intervention and Control Groups1 







     
Total Energy (kcals/day) 1257±47 1235±62 1275±70 0.68 
HEI 2015 Score  60.7 ± 1.5 61 ± 2.4 60 ± 1.8 0.78 
Total Fruit 1.25 ± 0.22 1.6 ± 0.39 0.95 ± 0.24 0.59 
Whole Fruit 1.77 ± 0.27 2.2 ± 0.44 1.5 ± 0.33 0.46 
Total Vegetable 4.80 ± 0.09 4.7 ± 0.18 4.9 ± 0.08 0.20 
Greens and Beans 4.54 ± 0.18 4.5 ± 0.30 4.6 ± 0.23 0.84 
Whole Grains 3.46 ± 0.47 3.5 ± 0.84 3.4 ± 0.53 0.17 
Total Dairy 3.51 ± 0.46 3.9 ± 0.70 3.2 ± 0.62 0.14 
Total Protein 3.79 ± 0.19 3.8 ± 0.31 3.8 ± 0.24 0.74 
Sea/Plant Protein 2.81 ± 0.31 2.6 ± 0.48 3.0 ± 0.42 0.56 
Fatty Acid Ratio 7.40 ± 0.46 7.1 ± 0.71 7.6 ± 0.60 0.79 
Refined Grains 2.22 ± 0.40 2.5 ± 0.67 2.0 ± 0.48 0.82 
Sodium 5.70 ± 0.50 5.3 ± 0.72 6.0 ± 0.71 0.50 
Saturated Fat 9.47 ± 0.18 9.5 ± 0.20 9.4 ± 0.29 0.64 
Added Sugar 9.97 ± 0.03 9.9 ± 0.06 10 ± 0.0002 0.26 
1Differences in dietary intake between SNAP-Ed and control groups analyzed by ANOVA using SAS. Columns indicated mean ± standard error within group. 
Guidelines established by the Dietary Guidelines for Americans 2015.  





Table 4. Changes in Dietary Quality from Baseline to Follow-up by SNAP-Ed and Control Conditions1 
Dietary Intake Control (n=23) SNAP-Ed (n=27) P-value 
(rmANOVA) 
Baseline Follow-Up Baseline Follow-Up 
Mean ± SE Mean ± SE Mean ± SE Mean ± SE 
HEI 2015 Score  60.3 ± 2.35 59.7 ± 1.94 60.5 ± 1.88 57 ± 1.61 0.27 
Total Fruit 1.51 ± 0.39 0.91 ± 0.36 1.04 ± 0.26 0.80 ± 0.27 0.60 
Whole Fruit 2.03 ± 0.45 1.16 ± 0.39 1.59 ± 0.36 1.21 ± 0.33 0.44 
Total Vegetable 4.65 ± 0.19 4.86 ± 0.10 4.89 ± 0.09 4.93 ± 0.07 0.16 
Greens and Beans 4.43 ± 0.31 4.31 ± 0.35 4.56 ± 0.25 4.64 ± 0.22 0.50 
Whole Grains 3.26 ± 0.83 4.14 ± 0.87 3.4 ± 0.51a 2.56 ± 0.74b 0.003 
Total Dairy 3.68 ± 0.68 3.12 ± 0.69 3.33 ± 0.68 3.13 ± 0.71 0.52 
Total Protein 3.92 ± 0.30 3.68 ± 0.33 3.7 ± 0.26 3.78 ± 0.25 0.22 
Sea/Plant Protein 2.52 ± 0.50 2.36 ± 0.53 2.93 ± 0.44 2.87 ± 0.44 0.21 
Fatty Acid Ratio 7.31 ± 0.72 8.33 ± 0.58 7.35 ± 0.65 8.32 ± 0.60 0.51 
Refined Grains 2.18 ± 0.62 2.43 ± 0.57 1.99 ± 0.53 1.26 ± 0.48 0.23 
Sodium 5.31 ± 0.75 4.48 ± 0.77 6.32 ± 0.71 3.86 ± 0.53 0.43 
Saturated Fat 9.52 ± 0.21 9.96 ± 0.04 9.36 ± 0.32 9.72 ± 0.17 0.95 
Added Sugar 9.93 ± 0.06 9.95 ± 0.05 10 ± 0.0002 9.95 ± 0.04 0.45 
Total Fiber (g/d)2 15.6 ± 1.14 17.1 ± 0.94 17.3 ± 0.80 17.1 ± 0.85 0.29 
Beta-Carotene (µg/d)2 1.26 ± 0.22 0.88 ± 0.13 1.02 ± 0.20 0.81 ± 0.21 0.62 
Vitamin D (µg/d)2 6280 ± 97 7060 ± 1130 6720 ± 929 8080 ± 66 0.72 
Vitamin B6 (mg/d)2 1.38 ± 0.06 1.39 ± 0.04 1.43 ± 0.05 1.41 ± 0.04 0.74 
Vitamin B12 (µg/d)2 1.29 ± 0.19 1.24 ± 0.23 1.17 ± 0.16 0.91 ± 0.15 0.51 
1Differences between changes in dietary quality in SNAP-Ed group versus the control group quantified using repeated measures ANOVA using SAS.  
SE, Standard Error. 
2Select nutrients expressed as nutrient densities as grams, milligrams, or micrograms/1000kcals/day. 







Table 5. Changes In Inflammatory Biomarkers, Glucose Homeostasis, Blood Lipids, Microbial Alpha-Diversity from Baseline to Follow-up in 
SNAP-Ed and Control Group1 
Biomarker Control (n=23) SNAP-Ed (n=27) P-value 
(rmANOVA) Baseline Follow-Up Baseline Follow-Up 
Mean ± SE Mean ± SE Mean ± SE Mean ± SE 
Interleukin-6 (pg/mL) 1.76 ± 0.27 1.17 ± 0.30 3.14 ± 0.42 2.18 ± 0.54 0.57 
C-Reactive Protein (mg/L) 4.61 ± 1.38 4.28 ± 1.05 3.8 ± 0.78 4.08 ± 0.88 0.48 
Tumor Necrosis Factor Alpha (pg/mL) 7.74 ± 1.01 7.17 ± 1.63 11.7 ± 2.4 10.9 ± 2.41 0.39 
HOMA-IR 5.82 ± 1.3 5.55 ± 0.94 7.1 ± 1.12 8.15 ± 2.06 0.79 
Hemoglobin A1c (%) 6.25 ± 0.26 6.1 ± 0.19 6.16 ± 0.21 6.17 ± 0.22 0.22 
Total Blood Cholesterol (mg/dL) 182 ± 8.91 181 ± 9.43 180 ± 8.06 188 ± 9.82 0.21 
Low-Density Lipoprotein (mg/dL) 83.7 ± 5.97 81.7 ± 5.8 80.4 ± 4.94 86.6 ± 6.71 0.11 
High-Density Lipoprotein (mg/dL) 42.1 ± 1.71 39.8 ± 1.83 41.9 ± 1.73 42.3 ± 1.85 0.08 
Triglycerides (mg/dL) 135 ± 14 155 ± 18.3 168 ± 18.3 178 ± 20.8 0.36 
Alpha-Diversity 2.51 ± 0.09 2.47 ± 0.07 2.56 ± 0.08 2.55 ± 0.07 0.77 
1Differences between changes in cardiometabolic biomarkers in SNAP-Ed group versus the control group quantified using repeated measures ANOVA using 
SAS. SE, Standard Error. 
 
Table 6. Association between SNAP-Ed and High Abundance of Short Chain Fatty Acid Producing Bacteria at Follow-up1 
SCFA Producing Bacteria  Presence in SNAP-Ed 
n=25 
Presence in Control 
n=23 
OR (95% Confidence 
Interval) 
P-value 
Akkermansia Muciniphila 12% 26% 0.39 (0.084,1.8) 0.22 
Coprococcus catus 72% 83% 1.2 (0.38,3.7) 0.77 
Eubacterium biforme 60% 61% 1.2 (0.38,3.7) 0.77 
Eubacterium hallii 92% 78% 2.3 (0.73,7.4) 0.15 
Eubacterium rectale 88% 83% 1.2 (0.38,3.7) 0.77 
Faecalibacterium prausnitzii 96% 91% 0.6 (0.19,1.9) 0.39 
Prevotella copri 72% 65% 0.85 (0.27,2.6) 0.77 
Roseburia inulinivorans 72% 74% 0.6 (0.19,1.9) 0.39 
1Logistic regression was used to determine the odds of high abundance of SCFA producing bacteria at follow-up among those in SNAP-Ed condition relative to 





Table 7. Differences in Demographic and Health Variables Between Tertiles of HEI 2015 Score1 
 Healthy Eating Index 2015 Tertile  
Demographic Variable Tertile 1 Tertile 2 Tertile 3 P-trend 
n=18 n=18 n=17 
Age (years) 43.7 ± 3.51 42.4 ± 3.50 55.3 ± 2.58 0.015 
Sex (% female) 82% 83% 83% 0.94 
Body Mass Index 27.8 ± 1.15 28.1 ± 1.04 28.9 ± 1.1 0.45 
Physical Activity Score 28.3 ± 0.773 28 ± 0.812 28.8 ± 0.794 0.62 
Daily Caloric Intake 1220 ± 83.7 1290 ± 88.5 1290 ± 76.3 0.53 
Years in US 7.47 ± 1.42 7.47 ± 0.50 8.44 ± 0.69 0.46 
Current Smoker 5.9% 5.7% 11.1% 0.56 
High School Completion 5.9% 11.1% 22.2% 0.16 
Type 2 Diabetes Prevalence 35.3% 22.2% 66.7% 0.057 
Cardiovascular Disease Prevalence 5.9% 16.7% 5.6% 0.96 






Table 8. Associations of Inflammatory Biomarkers with Tertiles of Dietary Quality/Intake1 
  Healthy Eating Index 2015 Component or Nutrient Tertile  
Inflammatory 
Biomarker 
Dietary Variable Tertile 1 Tertile 2 Tertile 3 P-trend  
n=17 n=18 n=17 
Interleukin-6 
(pg/mL) 
HEI 2015 Score  2.4 ± 1.2 1.7 ± 1.2 1.1 ± 1.2 0.062 
Total Fruit 2.2 ± 1.1 2.2 ± 1.2 0.98 ± 1.2 0.033 
Whole Fruit 2.1 ± 1.2 2.1 ± 1.2 1.1 ± 1.2 0.061 
Whole Grains 2.0 ± 1.2 1.4 ± 1.2 1.7 ± 1.2 0.68 
Total Dairy 2.9 ± 1.2a 1.1 ± 1.2b 1.6 ± 1.2 0.12 
Total Protein 1.9 ± 1.2 1.5 ± 1.2 1.8 ± 1.2 0.85 
Sea/Plant Protein 1.7 ± 1.2 1.8 ± 1.2 1.6 ± 1.2 0.89 
Fatty Acid Ratio 1.0 ± 1.2 2.3 ± 1.3 2.1 ± 1.1 0.065 
Refined Grains 2.1 ± 1.1 2.2 ± 1.4 1.1 ± 1.2 0.11 
Sodium 2.1 ± 1.2 1.8 ± 1.2 1.2 ± 1.2 0.20 
Total Vegetable (cups/d)2 1.3 ± 1.2 1.9 ± 1.2 2.0 ± 1.2 0.31 
Greens and Beans (cups/d)2 2.2 ± 1.2 1.0 ± 1.2 2.1 ± 1.2 0.93 
Saturated Fat (% of energy/d)2 2.1 ± 1.2 1.9 ± 1.2 1.2 ± 1.2 0.13 
Added Sugar (% of energy/d)2 2.5 ± 1.2 1.4 ± 1.2 1.4 ± 1.2 0.16 
C-Reactive Protein 
(mg/L) 
HEI 2015 Score  2.5 ± 1.2 2.3 ± 1.2 2.3 ± 1.3 0.86 
Total Fruit 2.4 ± 1.2 2.5 ± 1.2 2.2 ± 1.2 0.80 
Whole Fruit 2.5 ± 1.2 2.4 ± 1.3 2.2 ± 1.2 0.77 
Whole Grains 2.5 ± 1.2 2.1 ± 1.2 2.6 ± 1.3 0.98 
Total Dairy 2.2 ± 1.2 2.0 ± 1.2 3.0 ± 1.2 0.54 
Total Protein 2.8 ± 1.3 1.7 ± 1.2 3.1 ± 1.2 0.74 
Sea/Plant Protein 3.0 ± 1.2 1.9 ± 1.3 2.2 ± 1.2 0.47 
Fatty Acid Ratio 2.2 ± 1.2 3.7 ± 1.4 2.0 ± 1.2 0.82 
Refined Grains 2.3 ± 1.2 2.6 ± 1.4 2.3 ± 1.3 0.98 
Sodium 1.5 ± 1.2 3.1 ± 1.2 2.8 ± 1.2 0.22 
Total Vegetable (cups/d)2 3.8 ± 1.2 2.3 ± 1.2 1.5 ± 1.2 0.053 
Greens and Beans (cups/d)2 4.5 ± 1.2a 2.1 ± 1.2 1.4 ± 1.2b 0.006 









HEI 2015 Score  5.5 ± 1.4 6.1 ± 1.4 4.4 ± 1.4 0.76 
Total Fruit 4.7 ± 1.3 6.4 ± 1.4 5.3 ± 1.4 0.80 
Whole Fruit 5.3 ± 1.3 8.4 ± 1.4 3.7 ± 1.4 0.53 
Whole Grains 5.9 ± 1.4 5.8 ± 1.4 4.3 ± 1.4 0.62 
Total Dairy 8.0 ± 1.4 3.4 ± 1.3 5.6 ± 1.4 0.54 
Total Protein 5.7 ± 1.4 4.4 ± 1.3 6.4 ± 1.4 0.82 
Sea/Plant Protein 3.7 ± 1.4 5.9 ± 1.4 6.9 ± 1.3 0.24 
Fatty Acid Ratio 5.1 ± 1.4 4.2 ± 1.6 6.0 ± 1.3 0.78 
Refined Grains 3.7 ± 1.3 11 ± 1.6 6.5 ± 1.4 0.20 
Sodium 8.2 ± 1.4 5.6 ± 1.3 3.3 ± 1.4 0.13 
Total Vegetable (cups/d)2 5.1 ± 1.4 4.9 ± 1.3 6.0 ± 1.4 0.80 
Greens and Beans (cups/d)2 6.3 ± 1.4 3.3 ± 1.3 7.5 ± 1.4 0.69 
Saturated Fat (% of energy/d)2 3.3 ± 1.4 6.0 ± 1.4 7.5 ± 1.4 0.13 
Added Sugar (% of energy/d)2 5.0 ± 1.4 4.8 ± 1.3 6.2 ± 1.4 0.70 
1Differences in inflammatory biomarkers between tertiles of dietary quality or dietary intake were quantified using ANCOVA adjusted for age, sex, and t2dm 
status. Values indicate mean ± standard error for inflammatory biomarker.  
2HEI components for total vegetables, greens and beans, saturated fats, and added sugars were replaced with daily dietary intake per 1000kcals or percentage of 
daily kcals due to inadequate variability in HEI component score.  






Table 9. Associations of Dietary Quality with Glucose Homeostasis and Lipid-Related Biomarkers1 
    Healthy Eating Index 2015 /Component or Nutrient Tertile   
Biomarker Dietary Variable Tertile 1 Tertile 2 Tertile 3 P-trend 
n=17 n=18 n=17 
HOMA-IR HEI 2015 Score  4.5 ± 1.1 4.8 ± 1.1 4.7 ± 1.2 0.91 
Total Fruit 4.6 ± 1.1 4.9 ± 1.2 4.6 ± 1.2 0.99 
Whole Fruit 4.8 ± 1.1 4.6 ± 1.2 4.6 ± 1.2 0.88 
Whole Grains 4.3 ± 1.2 4.6 ± 1.1 5.2 ± 1.2 0.56 
Total Dairy 6.3 ± 1.2 3.8 ± 1.1 4.3 ± 1.2 0.27 
Total Protein 4.1 ± 1.2 4.6 ± 1.1 5.3 ± 1.2 0.47 
Sea/Plant Protein 5 ± 1.1 4.8 ± 1.2 4.3 ± 1.1 0.63 
Fatty Acid Ratio 4.7 ± 1.2 4.2 ± 1.2 4.9 ± 1.1 0.86 
Refined Grains 4.5 ± 1.1 8.2 ± 1.3 3.9 ± 1.2 0.97 
Sodium 4.8 ± 1.2 4.2 ± 1.1 5.1 ± 1.2 0.81 
Total Vegetable (cups/d)2 4.3 ± 1.2 5.6 ± 1.1 4.2 ± 1.2 0.95 
Greens and Beans (cups/d)2 6.2 ± 1.2 4.1 ± 1.1 4 ± 1.1 0.23 
Saturated Fat (% of energy/d)2 3.9 ± 1.1 5.6 ± 1.2 4.6 ± 1.1 0.57 
Added Sugar (% of energy/d)2 4.1 ± 1.1 4.3 ± 1.1 5.8 ± 1.1 0.27 
Hemoglobin A1c (%) HEI 2015 Score  6.1 ± 0.28 6.3 ± 0.28 6.3 ± 0.3 0.48 
Total Fruit 6.1 ± 0.26 6.3 ± 0.30 6.3 ± 0.28 0.49 
Whole Fruit 6.1 ± 0.26 6.3 ± 0.31 6.4 ± 0.28 0.44 
Whole Grains 6.1 ± 0.28 5.9 ± 0.26 6.7 ± 0.28 0.17 
Total Dairy 6.4 ± 0.29 6.0 ± 0.27 6.3 ± 0.30 0.88 
Total Protein 6.5 ± 0.31 5.9 ± 0.25 6.4 ± 0.28 0.80 
Sea/Plant Protein 6.2 ± 0.27 5.9 ± 0.31 6.5 ± 0.25 0.41 
Fatty Acid Ratio 6.2 ± 0.29 6.4 ± 0.38 6.2 ± 0.25 0.95 
Refined Grains 6.2 ± 0.23 6.4 ± 0.42 6.2 ± 0.31 0.84 
Sodium 6.0 ± 0.30 6.6 ± 0.27 6.1 ± 0.28 0.96 
Total Vegetable (cups/d)2 6.1 ± 0.29 6.4 ± 0.27 6.1 ± 0.30 0.95 





Saturated Fat (% of energy/d)2 6 ± 0.27 6.6 ± 0.28 6.1 ± 0.28 0.75 
Added Sugar (% of energy/d)2 6.6 ± 0.27 6.1 ± 0.26 6 ± 0.27 0.10 
Total Blood 
Cholesterol (mg/dL) 
HEI 2015 Score  194 ± 9.9 169 ± 9.9 182 ± 11 0.32 
Total Fruit 183 ± 9.4 173 ± 11 187 ± 10 0.81 
Whole Fruit 184 ± 9.3 170 ± 11 187 ± 10 0.83 
Whole Grains 202 ± 9.9a 182 ± 9.3 160 ± 10b 0.008 
Total Dairy 187 ± 11 172 ± 9.7 185 ± 11 0.86 
Total Protein 176 ± 11 178 ± 9.1 189 ± 10 0.40 
Sea/Plant Protein 191 ± 9.9 168 ± 11 182 ± 9.4 0.52 
Fatty Acid Ratio 202 ± 9.1 177 ± 13 169 ± 8.4 0.02 
Refined Grains 175 ± 7.7a 218 ± 14b 173 ± 11 0.69 
Sodium 167 ± 11 183 ± 9.8 193 ± 10 0.10 
Total Vegetable (cups/d)2 196 ± 11 174 ± 9.6 174 ± 11 0.20 
Greens and Beans (cups/d)2 194 ± 11 172 ± 9.8 178 ± 10 0.36 
Saturated Fat (% of energy/d)2 170 ± 9.6 173 ± 9.9 201 ± 9.8 0.03 
Added Sugar (% of energy/d)2 189 ± 10 180 ± 9.9 175 ± 10 0.34 
Low-Density 
Lipoprotein (mg/dL) 
HEI 2015 Score  91 ± 6.3 76 ± 6.3 77 ± 6.8 0.11 
Total Fruit 84 ± 6.0 74 ± 6.8 85 ± 6.5 0.96 
Whole Fruit 85 ± 5.9 72 ± 7.1 85 ± 6.4 0.96 
Whole Grains 97 ± 6.1a 84 ± 5.7 64 ± 6.3b 0.0008 
Total Dairy 86 ± 6.8 77 ± 6.2 82 ± 7.0 0.64 
Total Protein 78 ± 7.3 81 ± 5.9 84 ± 6.7 0.56 
Sea/Plant Protein 88 ± 6.4 72 ± 7.3 83 ± 6.0 0.62 
Fatty Acid Ratio 93 ± 6.5 75 ± 8.5 76 ± 5.5 0.063 
Refined Grains 80 ± 4.9a 110 ± 9.1b 73 ± 6.6 0.87 
Sodium 74 ± 7.0 84 ± 6.4 87 ± 6.7 0.25 
Total Vegetable (cups/d)2 88 ± 6.9 76 ± 6.2 80 ± 6.9 0.46 
Greens and Beans (cups/d)2 85 ± 6.9 76 ± 6.4 84 ± 6.6 0.98 
Saturated Fat (% of energy/d)2 78 ± 6.2 73 ± 6.4 93 ± 6.4 0.11 
Added Sugar (% of energy/d)2 89 ± 6.5 78 ± 6.3 78 ± 6.4 0.23 







Total Fruit 42 ± 2.1 40 ± 2.4 43 ± 2.2 0.54 
Whole Fruit 42 ± 2.1 41 ± 2.5 42 ± 2.3 0.97 
Whole Grains 43 ± 2.3 43 ± 2.2 39 ± 2.4 0.96 
Total Dairy 45 ± 2.3 40 ± 2.1 41 ± 2.3 0.26 
Total Protein 37 ± 2.4a 42 ± 1.9 45 ± 2.2b 0.19 
Sea/Plant Protein 41 ± 2.2 42 ± 2.6 43 ± 2.1 0.017 
Fatty Acid Ratio 42 ± 2.3 40 ± 3.0 43 ± 1.9 0.63 
Refined Grains 40 ± 1.8 44 ± 3.3 44 ± 2.4 0.87 
Sodium 45 ± 2.4 41 ± 2.2 40 ± 2.3 0.22 
Total Vegetable (cups/d)2 43 ± 2.4 42 ± 2.2 41 ± 2.4 0.23 
Greens and Beans (cups/d)2 42 ± 2.3 39 ± 2.1 45 ± 2.2 0.63 
Saturated Fat (% of energy/d)2 41 ± 2.2 40 ± 2.3 44 ± 2.3 0.33 
Added Sugar (% of energy/d)2 41 ± 2.2 40 ± 2.1 45 ± 2.2 0.52 
Triglycerides (mg/dL) HEI 2015 Score  153 ± 1.03 149 ± 1.03 116 ± 1.04 0.16 
Total Fruit 141 ± 1.02 139 ± 1.04 134 ± 1.03 0.77 
Whole Fruit 142 ± 1.02 137 ± 1.04 135 ± 1.03 0.76 
Whole Grains 141 ± 1.03 133 ± 1.03 142 ± 1.04 0.98 
Total Dairy 125 ± 1.03 137 ± 1.02 155 ± 1.04 0.27 
Total Protein 152 ± 1.05 132 ± 1.01 136 ± 1.03 0.59 
Sea/Plant Protein 149 ± 1.03 138 ± 1.05 130 ± 1.02 0.41 
Fatty Acid Ratio 159 ± 1.03 177 ± 1.07 114 ± 1.00 0.045 
Refined Grains 145 ± 1.00 159 ± 1.10 121 ± 1.04 0.38 
Sodium 127 ± 1.04 147 ± 1.03 142 ± 1.03 0.61 
Total Vegetable (cups/d)2 123 ± 1.04 151 ± 1.02 142 ± 1.04 0.48 
Greens and Beans (cups/d)2 144 ± 1.04 132 ± 1.03 141 ± 1.03 0.95 
Saturated Fat (% of energy/d)2 136 ± 1.03 138 ± 1.03 141 ± 1.03 0.84 
Added Sugar (% of energy/d)2 159 ± 1.02 148 ± 1.02 113 ± 1.02 0.043 
1Differences in cardiometabolic biomarkers between tertiles of dietary quality or dietary intake were quantified using ANCOVA adjusted for age, sex, and t2dm 
status. Values indicate mean ± standard error for inflammatory biomarker.  
2HEI components for total vegetables, greens and beans, saturated fats, and added sugars were replaced with daily dietary intake per 1000kcals or percentage of 
daily kcals due to inadequate variability in HEI component score.  






Table 10. Associations of Alpha-Diversity of Colonic Bacteria with Tertiles of Dietary Quality/Intake1 
  Healthy Eating Index 2015 /Component or Nutrient Tertile   
Dietary Variable 
Tertile 1 Tertile 2 Tertile 3 
P-trend 
n=16 n=18 n=16 
HEI 2015 Score  2.3 ± 0.09
a 2.8 ± 0.09b 2.5 ± 0.09 0.057 
Total Fruit 2.5 ± 0.09 2.4 ± 0.1 2.6 ± 0.1 0.34 
Whole Fruit 2.5 ± 0.09 2.4 ± 0.1 2.6 ± 0.1 0.56 
Whole Grains 2.4 ± 0.1 2.6 ± 0.1 2.6 ± 0.1 0.089 
Total Dairy 2.4 ± 0.1 2.6 ± 0.1 2.6 ± 0.1 0.69 
Total Protein 2.6 ± 0.1 2.5 ± 0.09 2.6 ± 0.1 0.066 
Sea/Plant Protein 2.6 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 0.22 
Fatty Acid Ratio 2.6 ± 0.1 2.7 ± 0.1 2.4 ± 0.09 0.76 
Refined Grains 2.5 ± 0.08 2.7 ± 0.2 2.6 ± 0.1 0.65 
Sodium 2.4 ± 0.1 2.5 ± 0.1 2.6 ± 0.1 0.11 
Total Vegetable (cups/d)2 2.7 ± 0.1 2.6 ± 0.1 2.4 ± 0.1 0.28 
Greens and Beans (cups/d)2 2.5 ± 0.1 2.5 ± 0.1 2.6 ± 0.1 0.23 
Saturated Fat (% of energy/d)2 2.4 ± 0.1 2.6 ± 0.1 2.6 ± 0.1 0.19 
Added Sugar (% of energy/d)2 2.4 ± 0.1 2.6 ± 0.1 2.6 ± 0.1 0.45 
1Differences in alpha-diversity of colonic bacteria between tertiles of dietary quality or dietary intake were quantified using ANCOVA adjusted for age, sex, and 
t2dm status. Values indicate mean ± standard error for inflammatory biomarker.  
2HEI components for total vegetables, greens and beans, saturated fats, and added sugars were replaced with daily dietary intake per 1000kcals or percentage of 
daily kcals due to inadequate variability in HEI component score.  






Table 11. Cross-sectional Associations Between Dietary Quality and Odds of High Abundance of Selected Gut Microbes1 
  Gut Microbes2 
















  OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) 
HEI 2015 Score  0.77 (0.22,2.7) 0.27 (0.073,1) 0.8 (0.24,2.7) 0.42 (0.12,1.4) 1.3 (0.32,5) 0.6 (0.18,2) 1.2 (0.35,3.9) 
Total Fruit 1 (0.31,3.4) 0.32 (0.091,1.1) 0.29 (0.084,1) 0.6 (0.19,1.9) 0.56 (0.15,2.1) 0.59 (0.18,1.9) 2.4 (0.72,7.9) 
Whole Fruit 1.1 (0.33,3.9) 0.53 (0.15,1.8) 
0.2 
(0.052,0.74)a 
0.89 (0.27,2.9) 0.5 (0.13,1.9) 0.81 (0.25,2.7) 1.9 (0.55,6.3) 
Whole Grains 0.42 (0.12,1.5) 0.39 (0.11,1.3) 1.2 (0.39,4) 0.67 (0.21,2.1) 0.19 (0.045,0.83)a 0.77 (0.24,2.5) 0.9 (0.28,2.9) 




Total Protein 0.9 (0.25,3.2) 1 (0.27,3.8) 0.6 (0.17,2.1) 2.2 (0.63,7.8) 0.74 (0.17,3.2) 0.97 (0.28,3.4) 
0.31 
(0.081,1.2) 
Sea/Plant Protein 0.79 (0.23,2.7) 3 (0.79,12) 0.49 (0.15,1.6) 
0.23 
(0.067,0.83)a 
0.82 (0.21,3.2) 0.65 (0.19,2.2) 0.76 (0.23,2.5) 






1.4 (0.41,4.5) 0.46 (0.14,1.6) 2.2 (0.5,9.9) 0.51 (0.15,1.7) 0.67 (0.2,2.2) 
Sodium (mg/day)3 1.4 (0.39,5.3) 0.56 (0.14,2.2) 1.2 (0.34,4.2) 0.38 (0.1,1.4) 4.5 (1.1,18)a 1.6 (0.45,5.5) 0.82 (0.23,2.9) 
Total Vegetable 
(cups/d)3 
0.54 (0.14,2.1) 1.3 (0.32,4.9) 0.82 (0.23,3) 0.61 (0.17,2.2) 0.45 (0.11,1.9) 3.4 (0.82,14) 0.57 (0.15,2.1) 
Greens and Beans 
(cups/d)3 
1.3 (0.35,4.7) 1.7 (0.41,7) 1.4 (0.38,4.9) 2.9 (0.76,11) 1.3 (0.3,5.7) 1.5 (0.4,5.3) 1.1 (0.31,4) 









Added Sugar (% of 
energy/d)3 
0.71 (0.21,2.4) 0.27 (0.071,1) 0.47 (0.14,1.5) 
0.17 
(0.046,0.66)a 
0.29 (0.066,1.3) 0.43 (0.13,1.5) 0.83 (0.26,2.7) 
1Values are OR (95% CI) and can be interpreted as the odds of high abundance of selected gut microbes with higher HEI or component score. Data were 
analyzed using multiple logistic regression adjusted for age, sex, and type 2 diabetes status.  
2Participants were categorized based on median split of selected gut microbes.  
3Participants were categorized into high and low consumption groups for Total HEI score and selected components using a median split. There was low 
variability in HEI components for 3,4, 10, 11, 12, and 13. For these specific score components we expressed them as servings/1000 kcals/day or % of daily kcals 
and then dichotomized participants using a median split.  





Table 12. SNAP-Ed Exit Questionnaire Responses     
Survey Question  Possible Responses Proportion 
How satisfied were you with the SNAP-Ed lessons you received? Very satisfied 10.7% 
 
Satisfied  85.7% 
 
Not Satisfied 3.6% 
 
  










Food Safety Handling 
 
96.4% 






Choosing More Fruits and Vegetables 
 
100.0% 










How satisfied were you with receiving these lessons in your home? Very satisfied 3.6% 
 
Satisfied  96.4% 
 
Not Satisfied 0.0% 
 
  
Would you prefer to have had group lessons in a classroom environment? Yes 35.7% 
 No 64.3% 
 
  
Would you recommend these lessons to a friend? Yes 96.4% 







Supplemental Table 1. Changes In Diet Intake from Baseline to Follow-up in SNAP-Ed and Control Group1 
Dietary Intake2 Control (n=23) SNAP-Ed (n=27) P-value 
Baseline Follow-Up Baseline Follow-Up 
Mean ± SE Mean ± SE Mean ± SE Mean ± SE 
Total Fiber (g/d) 15.6 ± 1.14 17.1 ± 0.94 17.3 ± 0.80 17.1 ± 0.85 0.29 
Soluble Fiber (g/d) 3.19 ± 0.24 3.82 ± 0.29 3.36 ± 0.24 3.41 ± 0.29 0.24 
Insoluble Fiber (g/d) 12.3 ± 0.94 13.2 ± 0.73 13.8 ± 0.63 13.7 ± 0.67 0.41 
Beta-Carotene (µg/d) 1.26 ± 0.22 0.88 ± 0.13 1.02 ± 0.20 0.81 ± 0.21 0.62 
Vitamin D (µg/d) 6280 ± 97 7060 ± 1130 6720 ± 929 8080 ± 66 0.72 
Vitamin B6 (mg/d) 1.38 ± 0.06 1.39 ± 0.04 1.43 ± 0.05 1.41 ± 0.04 0.74 
Vitamin B12 (µg/d) 1.29 ± 0.19 1.24 ± 0.23 1.17 ± 0.16 0.91 ± 0.15 0.51 
1Differences between changes in dietary quality in SNAP-Ed group versus the control group quantified using repeated measures ANOVA using SAS.  
SE, Standard Error. 
2Select nutrients expressed as nutrient densities as grams, milligrams, or micrograms/1000kcals/day. 
 
Supplemental Table 2. Baseline Associations of Short Chain Fatty Acid Producing Bacteria Among SNAP-Ed 
Participants Compared to Control1 
SCFA Producing Bacteria  OR (95% Confidence Interval) P-value 
Akkermansia Muciniphila 0.87 (0.16,4.8) 0.88 
Coprococcus catus 0.57 (0.19,1.7) 0.32 
Eubacterium biforme 1.1 (0.36,3.2) 0.90 
Eubacterium hallii 2 (0.67,6.2) 0.21 
Eubacterium rectale 0.57 (0.19,1.7) 0.32 
Faecalibacterium prausnitzii 2 (0.67,6.2) 0.21 
Prevotella copri 1.1 (0.36,3.2) 0.90 
Roseburia inulinivorans 0.41 (0.13,1.3) 0.12 






Supplemental Table 3. Associations of Inflammatory Biomarkers with Tertiles of Dietary Intake1 
  Nutrient Tertile  
Inflammatory 
Biomarker 
Dietary Variable2 Tertile 1 Tertile 2 Tertile 3 P-trend 
n=17 n=18 n=17 
Interleukin-6 
(pg/mL) 
Total Fiber (g/d) 1.6 ± 1.2 1.6 ± 1.2 1.9 ± 1.2 0.74 
Soluble Fiber (g/d) 1.2 ± 1.2 1.5 ± 1.2 2.8 ± 1.2 0.054 
Insoluble Fiber (g/d) 1.8 ± 1.2 1.9 ± 1.2 1.4 ± 1.2 0.57 
Beta-Carotene (µg/d) 1.3 ± 1.2 1.9 ± 1.2 1.9 ± 1.2 0.34 
Vitamin D (µg/d) 2.0 ± 1.2 2.0 ± 1.2 1.2 ± 1.2 0.19 
Vitamin B6 (mg/d) 1.4 ± 1.2 1.7 ± 1.2 2.0 ± 1.2 0.37 
Vitamin B12 (µg/d) 2.0 ± 1.2 1.2 ± 1.2 2.1 ± 1.2 0.98 
C-Reactive 
Protein (mg/L) 
Total Fiber (g/d) 3.4 ± 1.2 2.6 ± 1.2 1.5 ± 1.2 0.054 
Soluble Fiber (g/d) 2.7 ± 1.3 2.5 ± 1.2 2.0 ± 1.3 0.54 
Insoluble Fiber (g/d) 4.1 ± 1.2a 2.6 ± 1.2 1.2 ± 1.2b 0.007 
Beta-Carotene (µg/d) 2.9 ± 1.2 3.2 ± 1.2 1.4 ± 1.2 0.084 
Vitamin D (µg/d) 1.8 ± 1.2 3.7 ± 1.2 1.9 ± 1.2 0.74 
Vitamin B6 (mg/d) 3.0 ± 1.2 2.5 ± 1.2 1.8 ± 1.2 0.20 




Total Fiber (g/d) 4.6 ± 1.4 5.1 ± 1.4 6.4 ± 1.4 0.58 
Soluble Fiber (g/d) 2.7 ± 1.4 7.2 ± 1.3 7.6 ± 1.4 0.12 
Insoluble Fiber (g/d) 4.5 ± 1.4 6.7 ± 1.3 5.0 ± 1.4 0.89 
Beta-Carotene (µg/d) 3.7 ± 1.4 6.3 ± 1.3 6.4 ± 1.4 0.39 
Vitamin D (µg/d) 4.6 ± 1.4 5.0 ± 1.4 6.7 ± 1.4 0.50 
Vitamin B6 (mg/d) 5.4 ± 1.4 7.5 ± 1.4 3.6 ± 1.4 0.44 
Vitamin B12 (µg/d) 5.6 ± 1.4 5.0 ± 1.4 5.4 ± 1.4 0.93 
1Differences in inflammatory biomarkers between tertiles of dietary quality or dietary intake were quantified using ANCOVA adjusted for age, sex, and t2dm 
status. Values indicate mean ± standard error for inflammatory biomarker.  
2Select nutrients expressed as nutrient densities as grams, milligrams, or micrograms/1000kcals/day. 






Supplemental Table 4. Associations of Dietary Intake with Glucose Homeostasis and Lipid-Related Biomarkers1 
    Nutrient Tertile   
Biomarker Dietary Variable2 Tertile 1 Tertile 2 Tertile 3 P-trend 
n=17 n=18 n=17 
HOMA-IR Total Fiber (g/d) 4.9 ± 1.2 4.4 ± 1.1 4.8 ± 1.2 0.95 
Soluble Fiber (g/d) 4.4 ± 1.2 4.8 ± 1.1 4.8 ± 1.2 0.85 
Insoluble Fiber (g/d) 4.7 ± 1.2 6 ± 1.1 3.6 ± 1.2 0.44 
Beta-Carotene (µg/d) 4.5 ± 1.2 6.4 ± 1.1 3.4 ± 1.1 0.41 
Vitamin D (µg/d) 4.6 ± 1.1 4.9 ± 1.2 4.5 ± 1.2 0.94 
Vitamin B6 (mg/d) 4.1 ± 1.1 4.6 ± 1.1 5.5 ± 1.1 0.35 
Vitamin B12 (µg/d) 4.3 ± 1.1 3.9 ± 1.1 6.1 ± 1.1 0.29 
HbA1c (%) Total Fiber (g/d) 6.2 ± 0.29 6.1 ± 0.27 6.4 ± 0.29 0.74 
Soluble Fiber (g/d) 5.9 ± 0.31 6.3 ± 0.27 6.4 ± 0.3 0.29 
Insoluble Fiber (g/d) 6.1 ± 0.29 6.2 ± 0.27 6.3 ± 0.29 0.66 
Beta-Carotene (µg/d) 5.7 ± 0.28a 6.7 ± 0.25b 6.2 ± 0.28 0.28 
Vitamin D (µg/d) 6.1 ± 0.28 6.3 ± 0.28 6.3 ± 0.29 0.53 
Vitamin B6 (mg/d) 6.1 ± 0.28 6.6 ± 0.27 6 ± 0.27 0.81 
Vitamin B12 (µg/d) 6.1 ± 0.29 6.2 ± 0.27 6.4 ± 0.29 0.54 
Total Cholesterol 
(mg/dL) 
Total Fiber (g/d) 191 ± 8.2 189 ± 9.6 164 ± 12 0.098 
Soluble Fiber (g/d) 181 ± 7.2 188 ± 11 174 ± 12 0.57 
Insoluble Fiber (g/d) 192 ± 8.0 175 ± 11 176 ± 11 0.52 
Beta-Carotene (µg/d) 192 ± 8.9 178 ± 11 173 ± 10 0.12 
Vitamin D (µg/d) 186 ± 10 176 ± 9.7 182 ± 11 0.67 
Vitamin B6 (mg/d) 181 ± 11 180 ± 9.9 183 ± 9.5 0.94 
Vitamin B12 (µg/d) 188 ± 9.1 159 ± 8.4 198 ± 11 0.33 
Low-Density 
Lipoprotein (mg/dL) 
Total Fiber (g/d) 84 ± 6.7 86 ± 6.3 73 ± 6.6 0.26 
Soluble Fiber (g/d) 82 ± 7.3 80 ± 6.3 83 ± 7.2 0.89 
Insoluble Fiber (g/d) 85 ± 7 77 ± 6.4 83 ± 6.9 0.89 
Beta-Carotene (µg/d)  85 ± 7.1 82 ± 6.4 77 ± 6.8 0.48 





Vitamin B6 (mg/d) 81 ± 6.6 86 ± 6.5 77 ± 6.5 0.66 
Vitamin B12 (µg/d) 89 ± 6.2a 67 ± 5.8b 89 ± 6.2 0.99 
High-Density 
Lipoprotein (mg/dL) 
Total Fiber (g/d) 41 ± 2.3 43 ± 2.2 42 ± 2.3 0.80 
Soluble Fiber (g/d) 40 ± 2.5 41 ± 2.1 44 ± 2.4 0.27 
Insoluble Fiber (g/d) 42 ± 2.4 42 ± 2.2 42 ± 2.4 0.96 
Beta-Carotene (µg/d) 43 ± 2.4 40 ± 2.2 43 ± 2.3 0.97 
Vitamin D (µg/d) 43 ± 2.2 42 ± 2.3 41 ± 2.3 0.64 
Vitamin B6 (mg/d) 41 ± 2.3 44 ± 2.2 41 ± 2.2 0.98 
Vitamin B12 (µg/d) 41 ± 2.3 40 ± 2.1 45 ± 2.3 0.23 
Triglycerides (mg/dL) Total Fiber (g/d) 159 ± 21 148 ± 19 170 ± 25 0.33 
Soluble Fiber (g/d) 133 ± 20 186 ± 26 156 ± 15 0.72 
Insoluble Fiber (g/d) 146 ± 15 155 ± 22 176 ± 25 0.39 
Beta-Carotene (µg/d) 130 ± 20 169 ± 20 177 ± 23 0.50 
Vitamin D (µg/d) 140 ± 17 140 ± 16 197 ± 27 0.22 
Vitamin B6 (mg/d) 131 ± 16 153 ± 21 192 ± 25 0.029 
Vitamin B12 (µg/d) 143 ± 17 135 ± 24 199 ± 20 0.32 
1Differences in cardiometabolic biomarkers between tertiles of dietary quality or dietary intake were quantified using ANCOVA adjusted for age, sex, and t2dm 
status. Values indicate mean ± standard error for inflammatory biomarker.  
2Select nutrients expressed as nutrient densities as grams, milligrams, or micrograms/1000kcals/day. 






Supplemental Table 5. Associations of Alpha-Diversity of Colonic Bacteria with Tertiles of Dietary Intake1 
  Nutrient Tertile   
Dietary Variable2 
Tertile 1 Tertile 2 Tertile 3 
P-trend 
n=16 n=18 n=16 
Total Fiber (g/d) 2.6 ± 0.1 2.7 ± 0.1 2.4 ± 0.1 0.15 
Soluble Fiber (g/d) 2.5 ± 0.1 2.7 ± 0.1 2.4 ± 0.1 0.42 
Insoluble Fiber (g/d) 2.6 ± 0.1 2.7 ± 0.09 2.3 ± 0.1 0.11 
Beta-Carotene (µg/d) 2.4 ± 0.1 2.7 ± 0.1 2.5 ± 0.1 0.47 
Vitamin D (µg/d) 2.4 ± 0.1 2.7 ± 0.1 2.5 ± 0.1 0.33 
Vitamin B6 (mg/d) 2.6 ± 0.1 2.4 ± 0.1 2.6 ± 0.1 0.91 
Vitamin B12 (µg/d) 2.4 ± 0.1 2.5 ± 0.1 2.7 ± 0.1 0.061 
1Differences in alpha-diversity between tertiles of dietary intake were quantified using ANCOVA adjusted for age, sex, and t2dm status. Values indicate mean ± 
standard error for alpha-diversity biomarker. Values with different letters indicate paired differences (P<0.05). 








1Values are OR (95% CI) and can be interpreted as the odds of high abundance of selected gut microbes with higher nutrient intake. Data were analyzed using 
multiple logistic regression adjusted for age, sex, and type 2 diabetes status. 
2Participants were categorized based on median split of selected gut microbes.  
3Participants were categorized into high and low consumption groups for nutrient intake using a median split.  
ap-value <0.05 
  
Supplemental Table 6. Cross-sectional Associations Between Dietary Intake and Odds of High Abundance of Selected Gut Microbes1 

















  OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) 
Total Fiber  0.28 (0.069,1.1) 0.86 (0.23,3.1) 1.9 (0.54,6.7) 0.38 (0.11,1.4) 2.2 (0.48,9.8) 2.1 (0.56,7.5) 0.81 (0.23,2.8) 
Soluble Fiber  1.2 (0.32,4.4) 1.7 (0.41,7.1) 0.91 (0.25,3.3) 1.2 (0.34,4.3) 1.2 (0.29,5.4) 3.8 (0.91,16) 1.1 (0.3,3.9) 
Insoluble Fiber  0.48 (0.13,1.7) 1.1 (0.32,4) 1.8 (0.55,6.1) 0.6 (0.18,2) 1.7 (0.41,6.8) 1.8 (0.53,6.3) 0.82 (0.25,2.7) 
Beta-Carotene  1.1 (0.33,4) 1.2 (0.32,4.2) 1.3 (0.38,4.2) 2.8 (0.8,9.7) 0.42 (0.11,1.6) 1.9 (0.54,6.7) 0.57 (0.17,1.9) 
Vitamin D  0.42 (0.13,1.4) 0.38 (0.11,1.3) 1.3 (0.43,4.1) 1.3 (0.41,3.9) 0.84 (0.23,3.1) 0.71 (0.23,2.2) 0.92 (0.3,2.9) 
Vitamin B6  0.82 (0.25,2.6) 5.3 (1.3,21)a 0.82 (0.26,2.6) 3.5 (1.1,12)a 1.2 (0.32,4.4) 2.2 (0.66,7.2) 0.83 (0.26,2.6) 





Supplementary Table 7. Top Ranking Foods Consumed by Bhutanese Refugee Adults per HEI 2015 Component1 
Dietary 
Component 
Top 5 Foods Contributing to Energy Intake within Component2 Contribution to Energy of 
the Top 5 Foods to the 
Component, % 
Total Fruit Watermelon, Banana, Apple, Pear, Mango 67.9 
Total Vegetable  Curry Dish w/ Vegetables (including legumes), Mixed Vegetable Dish, Mustard/Turnip/Collard Greens, 




Curry Dish w/ Vegetables (including legumes), Mustard/Turnip/Collard Greens, Spinach, Beans (dried, 
cooked), Misc. Other Vegetables 
99.1 
Whole Grains Whole Wheat Bread, Oatmeal, Cold Cereals, Misc. High Fiber Grain Products, Whole Wheat Pasta/ Plain 
Noodles 
84.4 
Dairy Yogurt (regular), Yogurt (low-fat), 2% Milk, Whole Milk, Oatmeal 88.8 





Curry Dish w/ Vegetables (including legumes), Fish, Beans (dried, cooked), Fried Filled Dumplings, Nuts 
and Seeds 
98.8 
Fatty Acid Ratio Mustard/Turnip/Collard Greens, Curry Dish w/ Vegetables (including legumes), Mixed Vegetable Dish, 
Coffee (regular), Parboiled Rice 
37.3 
Refined Grains Parboiled Rice, Rice, Pasta/Plain Noodles, Fried Filled Dumplings, Crackers 91.8 
Sodium Curry Dish w/ Vegetables (including legumes), Mixed Vegetable Dish, Mustard/Turnip/Collard Greens, 
Pork (light), Chicken/Turkey 
57.4 
Saturated Fat Curry Dish w/ Vegetables (including legumes), Yogurt (regular), Pork (regular), Chicken/Turkey, Whole 
Milk 
50.5 
Added Sugar Tea, Plain Sugar, Other Noncola Soda (non-caffeinated), Misc. Coffee and Tea, 
Pudding/Custard/Cheesecake  
49.2 
1Table presents top 5 ranked food contributing to the total energy consumed in each HEI 2015 score component and the cumulative energy contribution for all 5 of those foods. 
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